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Abstract
Mindfulness practices have become increasingly popular due to their significant
benefits for mental wellbeing. However, the required skills to sustain and regulate
attention are challenging to develop. Both the benefits and the challenges of
mindfulness training have attracted a growing Human-Computer Interaction (HCI)
interest in designing interactive technologies for mindfulness. Most mindfulness-
based technologies employ metaphorical mappings of mindfulness states to support
awareness of such states and facilitate attention regulation, although the rationale for
such mappings is seldom articulated. This thesis addresses this shortcoming, drawing
on first-person experiences and embodied metaphors of mindfulness practices to design
novel multi-sensory technologies for mental wellbeing.
This work concentrates on focused attention mindfulness (FAM) practices which
involve sustaining selective attention moment by moment on a chosen object, and
are considered the most widely accessible among novices. In particular, the research
presented in this thesis is structured around two distinct FAM practices, in 6 different
but interrelated studies. On the one hand, mandala colouring illustrates a non-
static FAM practice with an external object of attention. On the other hand, sitting
meditation represents a static FAM practice with an internal object of attention.
The first and second study investigate in-depth mandala colouring, respectively, by
interviewing 21 people who regularly engage with this practice and through an auto-
ethnographic and heuristic evaluation of the 14 top-ranked mandala colouring apps.
Findings informed the development of Anima, a peripheral colour palette materialising
EEG-based mindfulness states onto colours for mandala colouring. In the third study,
Anima’s design solutions were evaluated with 12 experienced participants.
iii
The fourth study follows a research-through design and material speculation
approach to understand the role of body during meditation with 24 experts. This
is extended in the fifth study, in which the 16 most popular meditation apps are
evaluated through auto-ethnography. An identified opportunity of designing for the
physical sensations that arise during meditation was considered through the design of
the WarmMind, that provide warmth patterns on the upper body. The WarmMind
prototype was evaluated in the fifth study, through a user study with 10 participants
experiencing thermal metaphors for mapping meditation states on the upper-body.
Besides the technological design contributions of Anima and WarmMind, the
contributions of this thesis include the concepts of intricate confines to scaffold
mindful movement to support non-static FAM practices with an external object
of attention, and interoceptive interaction to facilitate focusing inwards during
meditation to support static FAM practices with an internal object of attention; as
well as a framework built on embodied metaphor theories to designing meditation
technologies. Collectively, these studies highlight the value of the human body in
mindfulness-based technologies in HCI, as well as theoretical and methodological
contributions to designing around mindfulness for mental wellbeing in HCI.
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Mindfulness practices have become increasingly popular because of their significant
benefits for psychological well-being [40], mental [16, 82] and physical [99, 134]
health. Mindfulness has been conceptualised as actively bringing one’s attention,
non-judgmentally, to the unfolding experience in the present moment [157, 168,
246, 110]. The work presented in this thesis builds on Vago and Silbersweig’s S-
ART framework [277], in which they describe two distinct approaches to mindfulness
training: focused attention through concentrative practices, often the starting point
of novice meditators [168, 277], and open monitoring involving no specific object
to focus the attention on, hence learning to observe the present moment without
engaging with neither internal nor external stimuli [168]. Consistent findings in the
literature indicate that the skills required to sustain and regulate attention, such as
in mindfulness practices, are challenging to develop [145].
There are a wide variety of traditional focused attention mindfulness (FAM)
practices that follow different approaches, which can be categorised in two dimensions:
main object of attention (i.e. internal, external), range of movement (static , fine
movements, full-body movement). Regarding the first dimension, in FAM practices
with an internal focus of attention, practitioners tend to concentrate on bodily
processes or sensations such as their breathing [84]; whereas when the main object of
attention is external, it can take different forms such as a mantra sound, a visualisation
or a tangible artefact. Regarding the second dimension, the most popular static
FAM practice is sitting meditation [163], whereas non-static practices can rely on fine
movements such as in mandala colouring or in full-body movements as in walking
meditation or Tai-Chi. Depending on the approaches used, and despite all targeting
the same goal of training mindfulness, these practices have distinct neurobiological
underpinnings [188, 80, 261]. In other words, the exploration of FAM practices that
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occupy different positions in the space set by these two dimensions, offers various
pathways to obtain the benefits of mindfulness.
In recent years, there has been a growing interest in the fields of Human Computer
Interaction (HCI) [252, 263, 228] and Psychology [43, 147] to design and develop
interactive FAM technologies aiming to train mindfulness and, thus, enhance mental
well-being. In this thesis, interactive refers to systems that provide real-time feedback
based on one’s performance during the mindfulness practice, commonly accomplished
through biofeedback. Despite the broad range of traditional FAM practices, most
work in HCI has focused on static FAM practices such as sitting meditation [263].
This is surprising given the acknowledged value of bodily movement in traditional
mindfulness practices [239] and their growing interest in the general population (e.g.
walking meditation, tai-chi, mandala colouring).
The most common biodata used in FAM interactive systems is respiration [212,
200], as it is a bodily process easy to monitor with sensing technology, understand
the mapping and act upon to adjust one’s conduct. Nevertheless, mindfulness states
can be complex to accurately monitor as they have several processes underneath it
(e.g. a mindfulness state involves being both relaxed and active [80, 151]). Hence
the most interesting biodata to use in interactive systems is brain activity, as it can
provide a rich overview of the state of these processes unobtrusively in real-time [151].
Recently, a few brain computer interfaces have been designed and used to support the
self-regulation of attention during mindfulness practices [230, 5]. However, this is still
a less explored space with potential to contribute to the design of interactive FAM
technologies for mental well-being.
Furthermore, the way in which mindfulness states can be represented from biodata
onto different creative outputs has not been properly established. Most FAM systems
in HCI tend to use metaphorical representations of mindfulness states to scaffold the
practice, but the design rationale of such metaphors is seldom articulated [11]. With
the rich history of metaphors in HCI supporting designers research unfamiliar topics
[29, 225] and the advance of metaphorical representations of biodata using different
feedback, a framework providing conceptual theory on how to design for materialising
biodata to support regulation processes is much needed. And especially in the context





The main aim of this thesis is understanding the practise of and designing for focused
attention mindfulness practises in order to support mental well-being. Therefore, the
research objectives are the following:
1. To understand the motivations and challenges of practising focused attention
mindfulness for mental well-being, as well as the qualities of the lived experience
associated with such practises.
2. To explore the design of novel interactive technologies to facilitate the practise
of focused attention mindfulness, with either external or internal main objects
of attention, in order to mitigate the identified challenges.
3. To explore people’s perceptions of metaphorical representations of mindfulness
states in interactive technologies to successfully support focused attention
mindfulness practises.
In particular, these objectives are intended to address the following main research
questions:
1. Why do people engage in focused attention mindfulness practises, with internal
and external main objects of attention? What are the main benefits and
challenges they faced? How is the subjective experience of engaging in such
practises?
2. How can the identified experiential qualities of such mindfulness practises inform
the design of novel technologies to facilitate focused attention, with either
internal or external main objects of attention?
3. What design qualities of the proposed embodied metaphorical representations
of mindfulness states support focused attention mindfulness practises, with
internal or external main objects of attention?
The table below (Table 1.1) offers an overview of the research aim, objects and
research questions, and their interrelationships.
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Table 1.1: Overview of the interrelationships of the overarching research aim, research




This PhD thesis provides four contributions to the HCI community: 3 theoretical and
2 technological design contributions.
1.3.1 Theoretical Contributions
Intricate confines: a strong concept for designing non-static FAM with
external object of attention
Intricate confines is a concept proposed after the exploration of the practice of
mandala colouring (Chapter 4) and developed in the following chapters (Chapters 5-
6). This concept allows to successfully scaffold the slow and controlled fine movement
required to colour mandalas, and that has been found key as it becomes the main focus
of attention. Therefore, there chapters discuss how it can inform the design of novel
interactive technologies drawing from non-static FAM practices with an external main
object of attention. This work has been accepted at the journal of Human Computer
Interaction, Taylor and Francis.
Interoceptive interaction: a strong concept for designing non-static FAM
with external object of attention
The concept of interoceptive interaction is introduced and developed in Chapters
7-9. Drawing from the sense of interoceptive awareness, the proposed approach is to
facilitate supporting focusing on internal objects of attention even when the experience
is mediated by external technological interfaces. This work has been published at
CHI2021 [70].
A framework for designing meditation technologies
This framework is built on existing theories of embodied metaphor design and FAM
meditation practises with an internal object of attention. It highlights three design
tensions, with qualities on one end supporting discoverability and on the other
end supporting attention regulation: familiar - ambiguous metaphorical mapping,
continuous - discrete feedback, rich - subtle sensory stimulation. The circles’ size
is proportional to the number of systems with that quality. This framework has
scaffolded the design of the WarmMind prototype, which provides on-body thermal
patterns to foster interoceptive awareness during sitting meditation (Chapter 8 and
9). This work has been published at DIS2020 [67] and CHI2021 [70].
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1.3.2 Technological Design Contributions
Anima: Brain-computer interface materialising real-time mindfulness
states onto colours to augment mandala colouring
This prototype is a design exemplar of an augmentation of a non-static FAM
practise with an external object of attention provided through a peripheral interface.
Furthermore, it also explores the mapping of mindfulness states during mandala
colouring, captured from brain activity, onto colour-based metaphors. Finally,
implications for designing expressive FAM technologies with an external object of
attention for mental well-being are articulated (Chapters 5 and 6). This work has
been is under submission at the journal of Human Computer Interaction in Taylor
and Francis.
WarmMind Prototype: Design exemplar for interoceptive interaction
during sitting meditation
This prototype is a design exemplar for augmenting the static FAM practise with an
internal object of attention, by using on-body thermal patterns that recreate bodily
sensations that arise during sitting meditation. Its design employs novel embodied
metaphors to support interoceptive awareness, and the prototype explores how these
are understood in comparison to nature-inspired audio metaphors (Chapters 8 and
9). This work has been published at CHI2021 [70].
1.4 Thesis Structure
The remainder of the thesis is structured as follows (Figure 10.1):
Chapter 2: Literature Review
This chapter presents the relevant related literature, drawing from three research
areas: mindfulness interactive technologies in HCI, mindfulness practises for mental
well-being, and embodied metaphor designs in HCI. A theoretical paper has been
published based with the insights gained from this chapter [66].
Chapter 3: Methodology
This chapter highlights the relevant methodology applied in this thesis. Key research




Chapter 4: Understanding the practise of Mandala Colouring for Mental
Well-being
This chapter presents the in-depth investigation of the design space for mandala
colouring, as an illustration of a non-static FAM mindfulness practise. It presents
the findings on the motivations and lived experiences of mandala colouring with two
studies. It also discusses relevant theoretical and design implications. One paper has
been published with the findings described in this chapter [69].
Chapter 5: Designing Anima: A Brain-Computer Interface for Peripheral
materialisation of Mindfulness States during Mandala Colouring
This chapter presents the design of a prototype augmenting the practise of mandala
colouring through a peripheral colour palette materialising EEG-based mindfulness
states onto colours.
Chapter 6: Investigating the Metaphorical Representations of Mindfulness
States with Anima as a Prototype
This chapter presents the initial evaluation of Anima’s design solutions in a set of
participatory workshops with 12 experienced participants.
Chapter 7: Understanding the Role of the Human Body in the Lived
Experience of Sitting Meditation
This chapter presents an in-depth investigation of the practise of sitting meditation
through a participatory workshop with experts and an evaluation of commercial
meditation apps. It also discusses relevant theoretical and design implications for
static FAM practises with an internal focus of attention. One paper has been published
with the findings described in this chapter [67].
Chapter 8: Designing Interoceptive Interaction: Metaphor-based On-Body
Haptic Patterns for Sitting Meditation
This chapter explores the design of novel interactions for static FAM meditation
with internal object of attention through on-body haptic patterns in the form of two
different prototypes, which we named WarmMind: a thermal necklace that provides
warmth-based metaphorical patterns on the upper body to guide meditation. It also




Chapter 9: Investigating the First-person Experience of Sitting Meditation
with Interoceptive Interaction Prototypes
This chapter presents the exploration of the designed solutions with the WarmMind
necklace through a user study and auto-ethnographic approaches. One paper has
been published with the findings described in this chapter [70].
Chapter 10: Discussion and Conclusion
This chapter discusses the overall findings, revisits the research questions, and unpacks
the main contributions of the thesis. Finally, the conclusions chapter summarises the
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Figure 2.1: Chapter 2 of Thesis structure
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2.1 Mindfulness practises for Mental Well-being
Mindfulness practises have become increasingly popular because of their significant
benefits for psychological well-being [40], mental [16, 82] and physical [99, 134]
health. Mindfulness has been conceptualised as actively bringing one’s attention,
non-judgmentally, to the unfolding experience in the present moment [157, 168, 246,
261]. There is growing evidence of the benefits of mindfulness-based interventions for
mental health.
Landmark examples of well-established interventions include the Mindfulness-
Based Stress Reduction (MBSR) program by Kabat-Zinn [135]. MBSR consists of
an eight-week program that combines different types of experiential (e.g. sitting
meditation, body awareness) and cognitive (e.g. exploration of patterns of behaviour,
thinking, feeling and action) mindfulness practises to train a non-judgemental
acceptance of the present experience. These secular, intensive mindfulness training
has shown to assist people with stress, anxiety, depression and physical pain [135, 136,
283]. Similarly, Mindfulness-Based Cognitive Therapy (MBCT) adapts the MBSR
intervention to focus explicitly on low mood and negative thoughts [135]. It uses
the same eight-week structure that includes psycho-education, formal mindfulness
practises (both static and movement-based) as well as daily home practises and
exercises. MBCT was developed to prevent future episodes of depression in people
with a history of recurrent depression, and research on this program has shown its
effectiveness in preventing a relapse in major depression [153, 205] as well as an
improvement on self-compassion, anxiety and mental well-being [109] and self-reported
mindfulness [105].
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Another example is Mindfulness-Based Art Therapy (MBAT) which combines
mindfulness training within the structure of an art therapy framework, and was first
formally introduced by Rappapport [142, 217]. MBAT has shown positive results
to improve psychological well-being [182], emotional awareness and quality of life in
individuals with anxiety [183] and depression [31].
Outside of formal psychological interventions, the practise of mindfulness has also
shown benefits for well-being when practised regularly [40, 279, 277]. Nevertheless,
consistent findings in the literature indicate that the skills required to sustain and
regulate attention, key in mindfulness practises, are challenging to develop [145, 230].
Our work builds on Vago and Silbersweig’s S-ART framework [277], in which they
describe two distinct approaches to mindfulness training: focused attention through
concentrative practises, often the starting point of novice meditators [38], and open
monitoring involving no specific object to focus the attention on, hence learning
to observe the present moment without engaging with neither internal nor external
stimuli [168].
2.1.1 Focused Attention Mindfulness practises
Focused attention mindfulness (FAM) practises are considered the most widely acces-
sible among beginners, as they facilitate stabilising the mind and decreasing mental
proliferation by concentrating on a specific mental or sensory object. Therefore,
the practitioner have to shift their attention from distractors -that can be internal
thoughts and/or external stressors- to sustain it on the main object of attention.
Potentially, the main object of attention could be anything, but in traditional FAM
practises they fall under two main categories. One the one hand, are internal objects
of attention. For instance, it is common in sitting meditation practises that the focus
of attention is oriented towards one’s breath or bodily sensations [168]. On the other
hand, the main object of attention can also be external. In this context, traditional
FAM practises tend to rely on tangible artefacts, such as a candle for sitting meditation
in which the practitioner needs to focus on the continuous movement of the flame [202].
Interestingly, most external objects of attention are fine skilled movement mediated
by the tangible artefact [239]. For example, the Baoding Balls are two little spheres
that need to be rolled in the palm of the hand, constantly switching the relative
position of both balls whilst trying to avoid them to touch each other. Similarly,
the Tibetan Prayer Wheel also relies on small continuous movement of the hand as
the cylindrical wheel spins clockwise whilst visualising a mantra. Mandala colouring
is another interesting example in this space, in which the object of attention is the
fine, slow and controlled movement of the hand to create and colour in the intricate
geometry.
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According to neuro-psychology literature, internal objects of attention integrate
conscious awareness with ongoing, dynamic viscerosomatic function [277]. Hence
fostering interoceptive awareness, an ability to receive and attend to the signals
originating in our bodies, which is shown to improve attention task performance as
well as emotion regulation [82, 81]. Whereas external objects of attention involve an
underlying framework of motor learning that functions to strengthen non-conscious,
associative memory processes [277]. The instructions for practise (e.g. baoding
spheres have to be rolled without touching) form an executive set that is created and
sustained by working memory processes, while attention processes operate to focus
and sustain concentration on the external object (i.e. fine, controlled and continuous
movement). This "mind-body" connection has been suggested to have benefits to
improve cognitive function and attention by coordinating executive goals, sustained
attention and motor plans [57].
Therefore, FAM mindfulness practises can be categorised on two different axis: (i)
internal - external main object of attention, and (ii) level of movement involved. The
work presented in this thesis focuses on two practises that occupy two distinct spots
within that space. On the one hand, sitting meditation is explored as a static FAM
practise with an internal focus of attention. On the other hand, mandala colouring is
explored as a non-static FAM practise with an external focus of attention. These are
further detailed in the following sections.
2.1.2 Sitting Meditation: FAM with Internal Focus, Static
Sit in a comfortable posture, as upright as you can, and let your shoulders
drop. Close your eyes if it feels comfortable to do this. If not, then focus
your sight on a spot in front of you. Bring your awareness inside you,
to body sensations, by focusing your attention on the sensations of your
body where it makes contact with the floor and whatever you are sitting on.
Spend a few minutes just noticing these sensations. Try just to notice the
sensations for what they are, without judging them. Bring your attention
gently to your breathing, feeling your breathing flowing into your body on
the in-breath and out of your body on the out-breath. Do not try to change
you breathing, just pay attention to it. Keep the focus on your breathing,
‘being with’ each in-breath for its full duration and with each out-breath
for its full duration. It is completely normal for your mind to wander
when you are meditating. This does not mean that you are not doing it
properly. Every time that you notice that your mind has wandered off the
breath, softly note what it was that took you away and then gently bring
your attention back to your breath.
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This an adaptation of a short guided meditation by Kabat-Zinn (p58, [135]), which
has been extensively used in his MBSR program [135]. With roots in historical
spiritual traditions, the practise of meditation has also been increasingly used in
clinical settings and adopted by general population because of its significant benefits
for physical and mental well-being when practised regularly [16, 40]. Meditation
practises have been long explored in the fields of psychology and neuroscience,
however, ’meditation’ is generally used as an umbrella term encompassing a wide
range of practises [189] that engage different psychological mechanisms and neural
circuitries [168]. Therefore, in this thesis ’meditation’ will refer to the practise of
sitting meditation following a focused attention approach, and this review will focus
on literature that uses a similar definition. That is, research investigating static,
contemplative traditions.
Previous work in psychology and neuroscience has shown that the practise of FAM
meditation enhances bodily awareness, as well as attention and emotion regulation [40,
261, 277]. In such work, bodily awareness refers to greater interoception (e.g. sensing
visceral bodily sensations) [37, 83, 103], as well as perception of physical sensations
(e.g. tactile sensitivity) [90, 145, 239]. Scholars in psychology and neuroscience
have defined meditation as a dynamic process that consists of different stages [189]
with distinct neurocorrelates [110, 189, 277]. Furthermore, research exploring the
subjective experiences of meditation have suggested that different bodily sensations
[145, 295] may emerge in each of these stages such as intention to begin, grounding
or mind-wandering moments , although work in this area is rather limited (e.g. pilot
study investigating the experiences associated with mind-wandering [203].
Nevertheless, learning to meditate can be challenging as it is a subjective
experience and the traditional guidance is often rather generic. In this regard, a
growing number of technologies have been designed with the aim of facilitating the
practise of meditation, ranging from consumer applications [174, 207] to interactive
systems in HCI [252, 263]. On the one hand, many commercial apps scaffold the
integration of meditation as a regular daily practise, albeit they merely provide
non-interactive audio-visual guidance which limitedly accounts for user’s real-time
performance [174, 207]. On the other hand, most interactive technologies in HCI
provide real-time feedback based on the changes in internal processes underpinning
meditation, such as relaxation [212, 150] or attention [230, 223]. Still, the role of the
human body in such designs has been limitedly explored [181], as the body has been
mainly used to record physiological signals (e.g. EDA [223], breathing [212], EEG
[230]) which were further mapped onto creative audio-visual feedback. Although less
explored, the tangible interaction approach to support meditation has also started to
receive attention in HCI [223, 252, 267].
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Yet, most of this work is still limited to augmenting applications for smartphones
with external objects of attention, for instance, by providing real natural elements
in the interaction such as a water-based interface [282] or drawing from traditional
meditation tangible aids such as praying wheels [287].
2.1.3 Mandala colouring: FAM with External Focus, Non-
static
"I sketched every morning in a notebook a small circular drawing, a
mandala, which seemed to correspond to my inner situation at the time.
With the help of these drawings I could observe my psychic transformations
from day to day. Only gradually did I discover what the mandala really is:
‘Formation, Transformation, Eternal Mind’s eternal recreation.’ (Faust,
II). My mandalas were cryptograms in which I saw the self–that is, my
whole being–actively at work. To be sure, at first I could only dimly
understand them; but they seemed to me highly significant, and I guarded
them like precious pearls." – C. G. Jung (page 107, The Red Book)
The psychotherapist Carl G. Jung was the first to bring the practise of creating
mandala images into psychotherapy as an aid to focus on the self and the present
moment, as exemplified in the quote above. With its origins in Eastern spiritual
traditions [273], mandalas have been widely adopted by psychotherapists to cultivate
self-awareness and improve mental well-being through mindfulness-based art therapy
[182, 142]. In Buddhist traditions, mandalas are used both as a process and symbols
to convey wholeness and harmony: always starting from a central point, mandalas
build up in circular layers representing the universe [13]. Their geometry represents
symbolic aspects of harmony, wholeness, and the self [273].
Mandalas were brought to the Western culture and therapeutic context by Carl
Jung [251], whose work suggested that the structure of mandalas facilitates focused
attention and meditative states, as well as their benefits for mental well-being [144].
As a result, mandalas have been extensively used in art therapy for processing
emotional experiences [142], expressed either consciously or unconsciously through
the art materials [184], the way they are applied [167], and the use of colours [142].
Indeed, the coloured mandalas embody subtleties, and layers of expression which
may be difficult to articulate through words [173]. Nevertheless, similar to other
somatic practises, the evaluation of mandala colouring’s impact on well-being and
mental health has been limited; probably due to the traditional Western mind-body
dichotomy still dominating cognitive sciences [103]. Efforts to capture such impact
have started to emerge within art therapy as an aid for relaxation [142], anxiety
reduction [28, 44], improvement of negative mood [14], and mindfulness training [142].
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Findings have shown that through the use of colours and the fine, slow and
continuous movement of colouring within geometric structures, mandalas require
focused attention to the present moment and disengagement from any other thoughts
or emotions [44, 64]. In HCI, the art therapy and its affordances for self-expression
and bringing attention to the present experience have been particularly explored with
people experiencing communication difficulties [160] or living with dementia [146, 160],
indicating benefits for their well-being. For instance, craft activities have been used
to scaffold self-expression to support memories [235] and reminiscing in old age [233].
Despite its link to traditional practises such as mandala colouring, the exploration of
self-expression through craft and arts in the context of mindfulness practises has been
limited. Emerging work in both HCI and psychology [50, 147] have highlighted the
importance of supporting digital mindfulness practises through expressive aesthetic
experiences that are non-static and rely on external objects of attention [69, 296].
However, there is limited integration of embodied aesthetic experiences supporting
self-expression in mindfulness training technologies as a means of monitoring and
interpreting one’s experience.
2.1.4 Section Summary
Mindfulness, understood as intentionally and non-judgmentally paying attention to
the experiences arising in the present moment, can be trained through a wide variety
of practises. Research from psychology and neuroscience has shown that the regular
practise of mindfulness can have important benefits for mental and physical well-
being. However, learning the key mindfulness skill of regulating one’s attention is not
trivial. Thus beginners tend to start with focused attention mindfulness practises, in
which the individual trains sustained attention by concentrating on a single object
of attention that can be either internal (e.g. a bodily sensation) or external (e.g. a
tangible object). Furthermore, FAM practises can also be categorised based on the
level of bodily movement involved. This section provides an overview of two FAM
practises occupying two distinct yet very interesting spaces: sitting meditation as a
static FAM with an internal object of attention, and mandala colouring as a non-
static FAM practise with an external object of attention. Despite most HCI work
has focused on the former (e.g. guided breathing meditation), the outlined benefits
of FAM practises relying on fine movement mediated by tangible artefacts and self-
expression open the design space for novel mindfulness technologies.
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2.2 Mindfulness Interactive Technologies
Mindfulness is generally defined as a state of mind that actively brings one’s attention,
non-judgementally, to the unfolding experience in the present moment [137]. Both
the benefits and challenges of mindfulness practises (detailed in section 2.2 below)
have attracted a growing interest in HCI regarding the design and development of
mindfulness-based technologies [252, 263]. This section covers a review of interactive
technologies for mindfulness training (Figure 2.2), focusing on: the type of technology
used, the way in which the mindfulness states were mapped onto the experience, and
the modality of feedback employed.
2.2.1 Type of Technologies
The increasing interest in mindfulness technologies is grounded in a wealth of findings
showing the important benefits of mindfulness practises for both mental [40, 47, 262]
and physical health [134, 294]. This is reflected in the growing range of technologies
supporting mindfulness training from commercial smartphone apps [69] to interactive
systems [252, 263]; most of which are tailored to support focused attention practises,
and often through guided meditation.
HCI research on focused attention practises for mindfulness training (further
detailed in section 2.4 "Mindfulness practises for Mental Well-being" below) has
looked at both external objects of attention such as tangible artefacts [239, 277],
and internal ones associated with bodily responses such as heart rate [267, 296],
electrodermal activity [247] or breathing patterns [277]. These have been mapped
into generative soundscapes [230, 284] and elements in virtual environments [212,
223], to provide real-time feedback and support for the mindfulness practise.
Neurofeedback has also been explored for mindfulness training, although to a
lesser extent. Such work leverages findings on neuro-correlates of mindfulness training
[27, 154, 281], as well as advances in wearable BCI technologies [108, 187, 196]
through which brain activity is used to represent changes in mindfulness states [219].
For example, systems such as Relaworld [150] and PsychicVR [4] use EEG data
related to focused attention mindfulness training to control elements in virtual reality
environments; while MeditAid [230] supports attention regulation in open monitoring
through real-time, binaural beats-based feedback on mindfulness states.
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Figure 2.2: Summary of previous work on interactive systems facilitating FAM
practices, mapped onto three dimensions: level of movement of the FAM practise, type
of technology, and modality of feedback. All the systems reported use metaphorical
representations of mindfulness states from biodata, those using brain activity data are
represented with a solid colour [230, 127, 8, 150, 59, 55] and the rest are represented
with a pastel colour [267, 287, 52, 98, 102, 125, 209, 223, 53, 89, 212, 282]
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Emerging HCI work has also looked at tangible interfaces to enhance the
embodiment aspects of mindfulness practises [145]. Examples in this space include
PAUSE, a smartphone app for training mindfulness focused attention through
the finger’s gentle interaction with the touchscreen [52, 226]; or the Channel of
Mindfulness [287] which, inspired by the Tibetan praying wheel, consists of a tangible
add-on to the smartphone that needs to be kept spinning in a steady rhythm. Both
these systems provide adaptive audio-based feedback for monitoring the practise based
on the maintenance, or not, of a gentle and continuous movement on the smartphone’s
interface. Other examples of tangible technologies for mindfulness training are
the Mindfulness Spheres [267], Inner Garden [223] or Mind Pool [164], which map
physiological or brain signals into creative audio-visual outputs. Inner Garden [223],
for example, provides two distinct interfaces with different feedback modalities to
support the mindfulness training: a tangible augmented sandbox and an immersive
virtual environment. However, the use of peripheral interfaces to simultaneously
support distinct aspects of mindfulness has not been yet explored.
2.2.2 Mapping Mindfulness States
The review identified two classes of meditation technologies in relation to the mapping
of mindfulness states. The largest of these classes consists of systems mirroring
user’s mindfulness states in real-time through familiar representational metaphors
(e.g. nature-inspired) in visual or aural modality [8, 12, 55, 59]. In the other
class, mindfulness states are mapped through abstract representations such as colour
properties e.g. hue [210] or opacity [150, 210], as well as spatial metaphors e.g. low
vs high pitch binaural beats [230] and central vs peripheral position [127].
The other class of technologies explored by HCI scholars map mindfulness states
through abstract representations. Examples of visual metaphors mapping mindfulness
vs mindlessness include those using colour properties such as hue or opacity [284, 210].
Auditory metaphors in this space include for instance those using low vs high pitch
binaural beats to represent mindfulness vs mindlessness states [230], while spatial
metaphors can take the form of location within shapes like a spiral where the centre
of a spiral represents mindfulness and the periphery represents mindlessness [127].
As illustrated above, a common characteristic of neurofeedback-based mindfulness
technologies shared by both these classes is the reliance on polarity to represent
the two distinct mindfulness states: being mindful vs mind-wandering. Another
important characteristic of most mindfulness technologies is the common use of
external visual or aural interfaces for mapping the metaphorical representations of the
two key mindfulness states. However, this can be problematic given the importance
of paying attention to and regulating one’s bodily sensations arising during the
mindfulness practise, which is key for this embodied practise [67, 145, 203].
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Alternative modalities that can support internal representations of mindfulness
states have been less explored. A good candidate here are haptic interfaces. Indeed,
findings shown that haptic biofeedback could support awareness of internal bodily
experiences, also called interoception , and in turn the self-regulation of internal
processes [81].
While HCI work on haptic feedback for mindfulness technologies is limited [41,
181], useful related work has explored vibro-tactile and thermal biofeedback for
emotional awareness and regulation [2, 276]. In this respect, findings indicate that the
inherent affective quality of thermal sensations is reflected in abstract and subtle of
thermal feedback [132]. A landmark example is SomaMat [115], which uses directed
heat stimuli during Feldenkrais exercises [175] to subtly facilitate sustaining attention
on different body parts while laying down. Its evaluation indicates the subjectivity
of heat experience in terms of sensitivity and aesthetic appreciation, as well as heat’s
“potential to permeate the skin and be perceived inside the body” (p. 114, [112])
helping some participants bring their attention back to the body from mind wandering.
A more recent example is ThermalWear [77], an on-body interface that augments
affective voice messages using thermal stimuli on the chest. They found that although
cold stimuli were easier to perceive than warmth, participants found it to be very
intense and less comfortable than warmth. Another example is the heating band
reflecting changes in physiological arousal through increase in heat, with findings
indicating that heat pads are subtle, less responsive and inertious hence better suited
to signal the lingering quality of an emotional response subsiding [264, 288].
In these examples, findings suggest that thermal haptic feedback is perceived as a
pleasurable, yet subtle and unobtrusive form of feedback in which warmth is mapped
to positive and nice sensations, and cold is the opposite. To conclude, most work on
mindfulness technologies has focused on either abstract or representational metaphors
of both mindfulness and mindlessness states, predominantly through external visual
or aural stimuli. In contrast, limited work has explored the metaphorical mapping
of mindfulness states on internal stimuli e.g. through thermal actuators and their
potential to support mindfulness practises, given their subtle and pleasurable qualities.
2.2.3 Section Summary
To conclude, most work on interactive technologies aiming to support focused
attention mindfulness practises has focused on static and external objects of attention.
And there has been very limited explorations of other spaces in this context, for
instance, practises that are non-static and/or with internal objects of attention.
Therefore, although the human body has been used as a design element in interactive
systems for meditation, it has been leveraged mostly for input (e.g. physiological
signals, movement).
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Despite acknowledgements that meditation is a highly embodied practise [145],
the way in which feedback could actuate directly onto the body to facilitate the
meditation experience has been little explored. Most work on mindfulness technologies
has focused on either abstract or representational metaphors of both being mindful
and mind-wandering states, predominantly through external audiovisual stimuli. In
contrast, limited work has explored the metaphorical mapping of meditation states
with distinct modalities of feedback that may enhance different human senses during
focused attention mindfulness practises with internal stimuli; for instance through
thermal actuators and their potential to support meditation, given their subtle and
pleasurable qualities. Novel design insights could emerge when placing the body
at both ends of the interaction experience (i.e. sensing and actuating), and by
exploring also the potential of multimodal feedback to support a wider variety of
focused attention mindfulness practises.
2.3 Embodied Metaphor Designs in HCI
In recent years, a number of design approaches have emerged in interaction design
and HCI with the aim of leveraging the interactions between the human body and
technology. For instance, Somaesthetics designs position the body at the centre of
the user experience, cultivating an aesthetic appreciation of the bodily experience
through guided attention inwards [115, 248]. These designs tend to build upon first-
person practises in order to design from and for the experience of the self [259], by
acknowledging the importance of embodiment in the sense-making of experience [195].
An example from this body of work is the Soma Mat [115], which uses directed heat
stimuli to subtly guide and sustain attention to different body parts while the person
is laying on top of the mat.
Particularly in tangible and embodied interaction research, there has been a
growing exploration of how metaphorical representation of bodily experiences can
be effectively implemented into interaction models [8, 11, 238]. For instance, such
metaphors have been used for the design of tangible learning systems [18], to foster
collaborative shared experiences [86], or to support the self-regulation of attention and
affect [12, 141]. Most recently, materials such as thermochromic ink or shape memory
alloys have been used not only to mirror one’s experience but also to promote the
self-regulation of different internal processes, for instance, to communicate affective
data metaphors-based visual and haptic feedback [276]. Nevertheless, the exploration
of the affordances of different materials’ qualities to enhance the understanding of
abstract subjective embodied experiences has been limited.
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Metaphors have a rich history in HCI [29] from supporting designers research
unfamiliar topics or get inspired by novel associations, to communicate their ideas
[225] and ultimately the mental model of systems to users [48]. The theory of
conceptual metaphor that builds on the embodiment tenet according to which bodily
perception, movement, and experience of the physical world (including gravity and
force dynamics) underpin our conceptual and abstract thinking [156]. When such
bodily experiences across a range of scenarios get structured as recurrent patterns,
they become image or embodied schemata [128].
The grounding in sensory-motor experiences makes image schemata multimodal,
which means that they can also be represented in different modalities, the most
researched ones being aural, visual, and haptic. Lakoff [156] argued that embodied
schemata support abstract thinking, as people build metaphors that extend schemata
from the physical to the abstract domain, such as Better is Up, Worse is Down
[158]. Metaphors that extend image schemata are called embodied metaphors [11]
and emerge through repeated connections of their image schemata with the subjective
judgements of the respective abstract domains such as affect or morality [120].
Regarding their qualities, image schemas and embodied metaphors tend to
be intuitive [120] or easily understood, often without the need for words [169].
This quality has been linked to the discoverability of the underpinning mapping
of the image schema [169, 225] which can be represented in different modalities.
However, some are more ambiguous than others depending on the content being
mapped from the source to the target domain [120]. Hence, a main challenge of
designing with embodied metaphors is identifying the best content to be mapped
and the instantiation of embodied schemata [120]. Among different classifications
of metaphors, those relevant for HCI include a distinction between orientational
or spatial metaphors emphasising bodily orientation through space and time: up-
down, front-back, near-far, left-right, and ontological ones underpinned by bodily
interactions with physical objects, i.e. desktop metaphor, that can be used to
communicate abstract concepts in terms of physical ones [155]. Previous work
has suggested that spatial embodied metaphors may be easier to understand [9],
particularly those organised along the vertical axis to map abstract concepts such as
emotions, although limited empirical work has explored this.
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2.3.1 Embodied Metaphors in Tangible Interaction
Apart from the theoretical work outlined above, much of the HCI applied work on
embodied metaphors took place in tangible interaction research, for instance to explore
the bodily understanding of intangible and / or unfamiliar concepts such as music [10]
or food production[169]. Antle and colleagues [10] built Sound Maker, an interactive
learning environment integrating camera vision system to capture movement with
percussive audio output.
The system was explored by 7-10 year old children to enact in pairs bodily
movements in order to manipulate three abstract sound concepts generated by the
Sound Maker: volume, tempo and pitch through both embodied metaphors (i.e.
volume was mapped to activity reflected in moving arms, stomping feet through more
is loud and less is quite) and non-embodied metaphors (i.e. volume was mapped to
proximity to each other through near is loud and far is quiet). In their tasks, children
had to understand changes in the parameter and how to control these changes through
movement. Authors expected that the embodied mapping was more intuitive or easily
understood compared to non-embodied one which would require learning, and indeed
they found that the former led to more accurate movement enactment for controlling
the three abstract concepts through the interface; and that children could better
demonstrate through movement than verbalise their mapping between movement and
sound concept . In order to identify the movement qualities that best map each of the
abstract sound concepts, authors interviewed experts and selected movements that
could be easily recorded, and for each experts agreed on.
Experts also confirmed the mapping polarity [11] through the distinct movements
for the two levels of the abstract concepts, i.e. more activity for high volume
vs less activity for quiet volume. Antle and colleagues [10] targeted the Music
is Body Movement as an ontological metaphor: “abstract concept as something
concrete and physical: object, person, body, or substance in the environment” [p
180] assuming its benefits over orientational ones. While the latter was acknowledged
for their value in interpreting music and its emotional impact, the conceptual
understanding of music and its abstractions appeared more relevant to the former type
of metaphor. Findings indicated however children’s inclination for initial reliance on
spatial behaviour to explore the physical environment of the speakers before enacting
the ontological metaphor, suggesting that potentially orientational metaphors may
precede ontological ones for new learning activities. Sound Maker employed only one
embodied metaphor for each sound concept, while children appear to have more than
one.
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In a subsequent study [19] authors have looked at 7-9 year old children’s
understanding of 8 abstract sound concept including beside volume, tempo and pitch,
also rhythm, timbre, harmony, articulation, tone duration. In this study, rather than
eliciting the mapping from experts and design them in the interactive Sound Maker
system, authors played sound samples reflecting significant changes of one of the
abstract sound concepts, and asked children to first verbalise and then enact them
through both full body movement and the use of a flexible plastic ring as a tangible
artefact. Findings indicate that children enacted a range of movements to represent
changes in these concepts underpinned mostly by ontological metaphor Music is Body
Movement (i.e., tempo is linked through slow-fast schemata; rhythm to structured-
chaotic schemata) and to some degree by the orientational metaphor, underpinned
by up-down embodied schemata (i.e., for pitch). Most concepts were linked to more
than one metaphor and schemata, albeit children did enact fewer metaphors for the
concepts they have not yet experientially understood such as articulation. Timbre
also was challenging, most likely because it cannot be described in terms as polarity
or by two opposites like for instance high vs low volume; which in turn may makes it
less suitable to be understood through metaphors.
Another interesting exploration of embodied metaphor is Springboad, a whole
body system integrating camera vision which maps users’ position in space and its
balance to sets of two images depicting different states of environment preservation
and food production [3]. Authors explored the impact of three input-control mappings
on usability, engagement an intuitiveness: metaphoric mapping, i.e., twin-pan and
point balance with balance achieved in the middle position, isomorphic mapping, i.e.,
two triangle areas, one for each image, whose vertical height represents the abstract
amount it its counterpart image, with balance achieved in the centre of triangle, and
conventional mapping, i.e., circular path whose different points mapped to different
images, and balance achieved at 6 o’clock. Findings indicate that metaphoric mapping
supported performance, but lacked discoverability so people may have understood it
at subconscious level but probably without forming an explicit understanding of it.
2.3.2 Section Summary
To conclude, most HCI work on embodied metaphors emphasised their support
for intuitive understanding of abstract concepts such as sound concepts or social
justice through bodily movement. Such work highlighted metaphors’ qualities such
as polarity and easier enactment than verbalisation. The embodied metaphors
were elicited from both experts or users to discover the best physical movements
representing abstract concepts, and evaluated through studies where the enactment
of movement was used to control changes in abstract concepts represented through
sound or images.
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There has been however less exploration of the different modalities for the same
abstract concepts including those about interoceptive senses such as thermoception.
Moreover, tangible interaction work on embodied metaphors explored the physical to
abstract mapping, with image schemata usually enacted through bodily movement.
The exploration of embodied metaphors in mindfulness technologies unpacked
metaphors highlighting the body to mind mappings that link bodily experiences
to one’s mental states instead of abstract concepts [8], enacted though attention
regulation to external or internal stimuli. The aim of the two domains are different:
body and movement to interact with tangible artefacts vs to train attention regulation.
Hence, metaphors’ properties such as polarity, multimodality [120], and discoverability
[11] could play different roles in other classes of technologies such as those challenging
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The methodology adopted for this thesis is a human-centred design approach to
explore, design and evaluate embodied mindfulness-based technologies for mental
well-being placing personal experiences at the centre. First, to understand the design
space, auto-ethnography, interviews and material speculation methods were employed.
Then, to explore the design of novel technologies based on the highlights of the initial
studies, a prototype for mandala colouring and two prototypes for sitting meditations
were developed following iterative design methods. Finally, the experiential qualities
of the prototypes were evaluated through participatory workshops, user studies and
auto-ethnography methods.
This chapter provides an overview of human-centred design and first-person
research methods; and then describes the specific methods employed in the research
presented in this thesis, together with the rationale behind each choice.
3.2 Human-Centred Design
Human-centred design (HCD) is an approach to systems design and development that
carefully identifies stakeholders and contexts of use by applying creative processes [96,
152]: "human centred design is based on the use of techniques which communicate,
interact, empathise and stimulate the people involved, obtaining an understanding
of their needs, desires and experiences which often transcends that which the people
themselves actually realised" ([96], p610). Similar to user-centred design (UCD) [1,
218], both approaches are focused on providing the end user with a design that is
highly usable and accessible for them. However, UCD and HCD’s methodologies
differ slightly: user-centred design tends to focus primarily on the tangible ways users
interact with a system [1, 218], whereas human-centred design also incorporates more
intrinsic motivations such as emotional or psychological preferences [96, 152].
The most frequently deployed HCD tools and methods [172] can be organised
in three main categories, along temporal dimension. The first category is based
on whether the technique involves historical data, such as cognitive, psychological
or emotional data sets and models. The second category consists the tools used
to capture needs, desires and meanings, both verbally (e.g. interviews, metaphor
elicitation, or focus groups) and non-verbally (e.g. technological probes, physiological
measures, or material speculation). The third category includes techniques used to
simulate possible futures (e.g. co-design workshops, experience prototypes). These
methods have been used in a variety of contexts, particularly regarding research with
a number of complex and interrelated factors such as designing for well-being and
healthcare [24, 21].
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3.3 First-Person Research Methods
In HCI, first-person research methods provide a deep understanding of the interplay
between people and technology by investigating the embodied and felt-like experience
of designing and living with the technological system [115]. This embodied approach
to interaction was brought to the forefront with the third wave in HCI [33],
which acknowledges the importance of the embodiment in the sense-making of the
experience. Generally, first-person research methods tend to focus on exploring the
tacit experience of the designer and/or the users.
When first-person research methods are used by the designer can provide a rich
and in-depth understanding of the tacit experience designing for. In turn, this
reflective approach supports an empathetic understanding of the user’s needs and
motivations, which generates design insights difficult to reach otherwise. In this
context, designers and HCI researchers commonly employ autobiographical methods
[190] such as autoethnography [63] and somaesthetics [112].
Autobiographical design is also commonly employed to explore the first-person
experience of users. Therefore, researchers can gain an in-depth understanding not
only of the user’s experience using the system, but also capture the nuances and
complexities around such subjective experiences. Common participatory methods
employed in HCI to tap onto user’s first-person experience include phenomenological
approaches [92, 211], as well as embodied practices to facilitate the exploration of
abstract or unfamiliar concepts such as somaesthetics [112] or material speculation
[6].
3.3.1 Semi-structured Interviews
Interviews are an umbrella term for qualitative methods that aim to gain in-depth
knowledge about specific experiences, opinions and perceptions on a particular idea,
by having focused conversations with participants [72, 30]. The questions asked by
the interviewer require to be specific while remaining open-ended enough to construct
a complete picture of their views on the research topic.
There are three main interview formats: structured, semi-structured, un-structured.
On the one hand, structured interviews are conducted following a set of questions in a
specific order that are delivered equally to all interviewees [214]. Thus answers can be
reliably aggregated and enables researchers to compare them among participants with
confidence. On the other hand, un-structured interviews do not have a pre-arranged
set of questions, hence tend to be more flexible and free-flowing than a structured
interview [72, 214].
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The qualitative data collected tends to be richer and more detailed than the
answers from structured interviews, however, the data analysis is more time-
consuming. Semi-structured interviews provide a hybrid approach in which an
interview guideline is prepared, but additional questions to ask for clarification and
to allow the interviewee to talk in more depth are also considered [165, 93].
3.3.2 Autoethnography
Autoethnography is a qualitative research method that aims to describe and analyse
personal lived experiences [78]. This method allow researchers to observe and
describe their reality by producing reflexive first-person recounts of their experiences.
Therefore, autoethnographies are generally reported as stories and narrated in the
first person [76]. With epistemological roots in social sciences, autoethnography has
also been widely used in HCI when a deep understanding of one’s experience is critical
to inform the design or evaluation of a technology [216, 73]. Examples include research
on usage of interactive systems [280, 197] and exploring non-technological experiences
[113, 206].
3.3.3 Somaesthetics
Somaesthetics is grounded in pragmatists philosophy and phenomenology, and offers
an overarching conceptual framework and methods to better understand our somatic
experience and to improve body consciousness [248]. This approach encompasses
an integrative structure encompassing discourses from different fields, as well as a
pragmatic orientation to improve the somatic practice being directed primarily at the
individual practitioner or at others.
In HCI, somaesthetics methods have been increasingly used to intimately explore
the interaction between humans and our bodies with technology. For instance,
Somaesthetic Appreciation design focuses on facilitating the articulation and discrim-
ination of different bodily experiences, promoting body awareness [114]. The qualities
that allow for this process to unfold are: subtle guidance, making space for reflection,
feedback and interactions need to follow the rhythm of the body, and providing means
to articulate the experienced bodily sensations [114, 112].
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3.3.4 Participatory Design Workshops
Participatory design methods actively involve the users in the design process to
ensure the result meets their needs through a progressive refinement of prototypes
[242, 34]. A very common approach in participatory design are workshops to engage
users in different states of the design process, from requirements gathering to the
implementation and evaluation of a design solution.
In the initial stages of the design process, participatory design workshops typically
involve co-creating solutions with stakeholders. For instance, Andersen proposes
workshops in which technology is treated as a ’magical unknown’ to foster the
exploration of ideas from a new perspective, by asking participants to build Magic
Machines that answer a research question [6]. These workshops have been particularly
used to explore abstract concepts with experts, such as creating novel sounds with
musicians, and facilitate the expression of personal experiences through an embodied
process of making.
To inform the implementation and evaluate current design solutions, participatory
design workshops commonly involve the use of prototypes enabling designers and
stakeholders to iteratively reflect on the designed solutions [162]. In this context, Lim
et al. describe prototypes as "filters intended to traverse and sift through a design
space and as manifestations of design ideas that concretise and externalise conceptual
ideas" (P3).
3.4 Methodological Approach in this Thesis
The research paradigm for this thesis is interpretative and consists of 7 studies which
can be categorised in three sections: understanding the design space, exploring the
design of novel technologies, and evaluating the designed solutions. One of the primary
goals of the work presented in this Thesis was to investigate the lived and personal
experiences of different mindfulness practices with experts, novices and myself (the
researcher).
First, semi-structured interviews allow me to explore the lived experience and
perceptions around specific aspects of mindfulness practices with participants, in
a methodical yet open manner. In Chapter 4 I use semi-structured interviews
to understand the practice of mandala colouring with experts, and in Chapter 7
the practice of meditation with experts in different traditions; and in Chapter 9 I
employ semi-structured interviews to explore the first-person experience of using the
WarmMind prototype, both with novices and experts in meditation.
Second, I carefully selected two methods to explore myself the first-person
experience I was investigating. This was important to gain a deeper understanding of
the design space and to explore the design of novel technologies in a meaningful way.
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Therefore, I followed an autoethnography approach to gain first-hand insight on the
state of the art technology (i.e. smartphone apps) for mandala colouring (Chapter 4)
and meditation (Chapter 7). And I employed somaesthetics methods to explore using
warmth-based patterns in the upper body to communicate mindfulness states, for the
design of the WarmMind prototype (Chapter 8).
Finally, I used different methods of participatory design workshops, which provided
tailored outcomes for two distinct phases of this research. On the one hand, prototypes
were used in participatory design workshops to evaluate the design solutions for
augmenting mandala colouring with Anima (Chapter 6) and sitting meditation
with WarmMind (Chapter 9) prototypes. On the other hand, participatory design
workshops inspired by the Making Magic Machines [6] methodology were used to
explore abstract concepts that are otherwise difficult to tap on and communicate,
even with other methods such as interviews [203]. That is, to explore the bodily
sensations that arise during meditation (Chapter 7).
3.5 Chapter summary
This chapter presented an overview of the methodological approach used in this
thesis, detailing the specific research methods for each study. As shown in Figure 3.1,
results from understanding the design space for mandala colouring (Chapter 4) and
sitting meditation (Chapter 7), informed the design of novel embodied technologies
to support non-static and external (Chapter 5) as well as static and internal (Chapter
8) FAM practices. Lastly, the initial evaluation of the working exemplar prototypes
of the designed solutions are reported on Chapter 6 and Chapter 9. The detailed
descriptions of each study are further outlined in the Research Method sections in the
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Colouring books geared towards adults have been particularly in demand for the
last five years, with 12 million copies being sold in the U.S. alone in 2015 [193].
Adult colouring books are generally filled with a wide variety of black-and-white
illustrations from pop culture to nature-based or abstract patterns, usually with the
goal of reducing daily life stress [245]. This trend, however, seems to have its origins
in the artistic mindfulness practice of mandala colouring, which has been used in
spiritual [107] and clinical [88, 144] practices to slow down and bring the attention to
the self. The creation of mandalas requires intense focus and attention to the present
moment, which are key components of mindfulness [17, 40, 144].
This chapter investigates the practice of mandala colouring (Figure 4.2) to inform
the design of novel expressive and movement-based mindfulness technologies. The two
studies presented build on each other and intended to gain a better understanding of
the main qualities of mandala colouring, as well as how technologies for mental well-
being and mindfulness training can support and benefit from these qualities. The
first study explores the motivations, context, and properties of mandala colouring, by
interviewing 21 people who had been colouring mandalas for at least one year prior
to the study. In the second study, the aim was to investigate the digital affordances
for mandala colouring that these apps provide, and how such apps support the main
qualities of mandala colouring that we have found from literature and from the first
study. For that reason, we evaluated the most downloaded free colouring mandala
apps for iPhone and evaluated them using auto-ethnographic and heuristic methods.
Finally, I discuss opportunities for the HCI community to leverage fine movements,
imperfections and metaphorical representations of mindfulness states when designing
for focused attention mindfulness systems with an external object of attention.
Figure 4.2: One participant’s illustration of mandala colouring process: starting from
the centre with the desired colour, here felt tip (left), colouring in each concentric
layer (middle), and partially completed mandala at the end of the session (right).
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4.2 Interview Study with Experts
In this study, we explored the practice of colouring in mandalas as an illustration
of movement-based mindfulness training (Figure 4.2). Mandala colouring has been
explored mostly in Psychology as a task with non-experts to evaluate its impact on
well-being [215, 44, 64]. Our work provides a fresh, complimentary perspective by
qualitatively exploring mandala colouring as an intrinsically motivated practice with
long term practicants. We report on interviews with 21 people who had been regularly
colouring mandalas for at least one year prior to the study, with the aim to draw novel
design inspiration for mental well-being technologies. In particular, we focused on the
following research questions:
• What are the motivations, benefits, and challenges of engaging in mandala
colouring practice?
• In what spatio-temporal context is mandala colouring practised?
• What materials and actions are key in mandala colouring?
• What physical and digital affordances support or hinder mandala colouring
practice?
4.2.1 Research Method
The aim of our interview study was to explore the practice of mandala colouring and
how this may inform the design of movement-based mindfulness technologies. We
report on an interview study, partly completed online and partly face-to-face, with
21 participants. In this study we refer to them as practicants, since according to the
inclusion criteria, they have been colouring mandalas regularly i.e. for at least once
per month for a year prior to the study commencement.
4.2.1.1 Participants
We employed purposeful sampling [198] and recruited participants both by advertising
the study in social media dedicated to mandala colouring (i.e. Instagram and
Facebook pages and groups), and locally via the University’s mailing lists and posters
in campus and the city. Everyone who responded and met the inclusion criteria of
having colouring mandalas at least once per month for the last year, was included in
the study. In total, 21 people participated in the study, with 11 interviews completed
online and 10 face-to-face. The latter were compensated with a 10 worth Amazon
voucher as they had to commute to University to participate in the study, which also
took longer due to the in-lab session of mandala colouring.
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Figure 4.3: Mandalas coloured by our participants from the online interviews P5 (A)
and P4 (B), and the choice of four distinct mandalas to colour in the face-to-face
interviews (C-F).
From the total of 21 participants, 4 had over one-year experience of practising
mandala colouring, 14 between 1 and 5 years, and 3 over 5 years (Mean = 3.3 years,
SD = 2.9), and none reported discontinuing the practice at any time. All participants
also described how mandala colouring is their regular self-care ritual: 15 reported
colouring mandalas several times per week, and 6 several times a month. In terms of
demographics, 12 participants were between 16 and 25 years old, 3 between the ages
of 26 and 35, 3 between 46 and 55, and 3 were over 55 years old (Mean = 31.5, SD =
14.7). All 21 participants identified themselves as women, and regarding occupation 13
were students, 5 clerk workers, and 3 support workers. Interestingly, three participants
(P16, P18, P19) did not only practice mandala colouring for themselves, but they also
regularly used mandalas as healthcare professionals, as a tool for training mindfulness
and enhancing mental well-being of their clients.
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4.2.1.2 Study Design
We now describe the study design, which consisted on three distinct parts to better
delve into their personal experience and understanding of mandala colouring: (1)
investigating the process of selecting a mandala geometric pattern to colour in, (2)
colouring a mandala, and (3) exploring the participant’s view on mandala colouring.
Parts 1 and 2 of the study were intended to bring the practice forward to be
explored further in depth during the semi-structured interviews in Part 3. As not
all participants could attend face-to-face, the part two of the study was modified to
fit both online and face-to-face participants, as detailed below.
Part 1: Selecting a mandala geometry to colour in. The main goal of this task was
to bring the participants into the space of mandala colouring by firstly exploring their
process of choosing a mandala to colour in. Therefore, we provided them with a choice
of 4 mandalas (Figure 4.3, mandalas C-F) with distinct geometric characteristics (e.g.
sharp versus rounded edges, thinner versus thicker outlines, distinct size and amount
of details). Whilst they were choosing which mandala they would prefer to colour
in, we encouraged them to verbalise their thought process. Therefore, we asked them
questions about the differences between the mandalas such as: What do you like the
most about each mandala and why? What do you like the least about each mandala
and why? Which mandala would you like to colour in?.
Part 2: colouring in a mandala. For the face-to-face participants, we asked them to
colour their preferred mandala from Part 1 either with the art materials provided (i.e.
colour pencils and felt tips). The colouring session lasted between 20 and 30 minutes
[64, 215, 44], 25 minutes on average, and the process was photographed (Figure 4.2
shows a mandala being coloured by P14). For the online participants, as we could
not provide them with a physical copy of their chosen mandala form Part 1, we asked
them to colour one of their mandalas and send us a photo of it once finished (Figure
4.3, mandalas A and B). In this way, we ensured that participants had a recent lived
experience of mandala colouring prior to the interview study, despite it being in a lab
setting rather than their regular space and context of practice. Furthermore, it allowed
us to observe their colouring process and refine the questions of the semi-structured
interviews based on their personal practice.
Part 3: Personal experience of mandala colouring. Finally, we employed semi-
structured interviews which included questions about the practicants’ understanding
of mandalas, their benefits, and challenges: Which is your motivation for this practice?
What benefits does it have for you? Do you perceive any challenges associated with
it?, as well as their experience and context of practice: Where and when do you
usually colour mandalas?. We also enquired about the process itself, from preparing
for colouring to finishing a mandala: How do you choose which materials and colours
to use?, What happens if you make a mistake?, What do you do when you finish
and why?. Lastly, we explored the role of current technology in mandala colouring:
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Have you ever used an app for colouring in mandalas? If so, what did you like and
dislike? If not, why not? How do you perceive the role of technology in this practice?.
All interviews lasted between 20 and 60 minutes (Mean = 30 minutes), were audio-
recorded and fully transcribed.
4.2.1.3 Data Analysis
Interviews were fully transcribed and analysed following an iterative and hybrid
approach to coding [85], drawing upon a conceptual framework and its informed
deductive codes. Codes from previous work included concepts such as materials and
colours for self-expression, and the object of focused attention during the practice.
The coding scheme was refined as new codes emerged from the interview data such as
the significance of imperfections, qualities of movement, and context of practice. The
authors revised the coding scheme weekly for several months to ensure consensus.
4.2.2 Findings
The findings indicate three main themes including first-person perspectives into
the motivations for engaging in mandala colouring practice, together with its main
perceived benefits and challenges; the context of mandala practice; and colouring - as
a progressive emotional expression. These are further described with examples from
participants’ quotes, together with the presentation of the value of mandalas both
analogue and digitally.
4.2.2.1 Motivations for Engaging in Mandala colouring: well-being and
Mindfulness
Findings indicate that people perceive mandala colouring as a self-care activity
beneficial for their emotional well-being such as relaxing when stressed, and also
for their mental health as a tool for depression or anxiety. These two reasons can be
positioned on the ends of a continuum from well-being to mental health, with focused
attention being key throughout.
Colouring Mandala for Emotional well-being. All participants mentioned the value
of mandala colouring for emotional well-being as it allows to express themselves freely,
and facilitates sense-making of their thoughts and experiences, as illustrated in the
following quote: “projecting something [you’re feeling] into something so visual it’s
very helpful [. . . ] it’s almost as a projection of whatever it is that I’m feeling, so it
kind of helps me understand and go through my thought process a little better ” (P14).
As a result, the practice of colouring mandalas is for most interviewees a deep and
highly personal activity, which they become attached to: “the more you go through
the process, the more you connect [with your emotions] ” (P15).
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Another participant gave a more detailed account of this relationship, suggesting
that mandalas offer a safe space to process feelings otherwise difficult to communicate,
which in return requires nurturing: “I’m expressing and processing that emotion that’s
stuck inside [. . . ] the mandala is giving something to you because it’s something
beautiful that’s there for you to work with, but then you are giving something back as
well because you are colouring it” (P18).
Colouring Mandala for Mental Health. A significant finding is that more than
two-thirds of participants started colouring mandalas for mental health reasons.
Unexpectedly, almost all explicitly mentioned starting this practice because of
conditions such as stress (14 participants) or severe ones such as depression or anxiety
(5 participants). In particular, two participants openly talked about their experience
with depression. For example, P18 started with a therapist who encouraged to express
herself through mandala colouring. Despite the initial resistance to disclose her
negative emotions, mandala colouring became a recurrent activity providing a safe
space for self-expression: "once you start the process, then it can become something
you can go to, it’s like a support” (P18). In her case, the process of colouring mandalas
helped self-regulate emotions through expressive strategies like using different colours
and materials that would fit her affective state.
From Expressing to Regulating Emotional States. Apart from expressing emotions,
mandala colouring offers also the benefit of regulating emotions, for both well-being
and emotional health purposes. Another important outcome is that participants’
choice of materials and colours, and the ways in which they are used that relate
to their emotional states. This indicates additional embodied ways of monitoring
one’s focused attention: “if they are pressing really hard, they could be frustrated, or
if they are doing it very delicately they might be calmer” (P18). As shown by the
findings, the choice of colours is particularly important serving two both emotional
expression and emotional regulation. The former is supported by participants’ choice
of colours, so that they reflect their emotional states at the start of mandala colouring:
“it depends on what I’m feeling; I think if I’m mellower I’d probably choose blues or
greens, whereas if I’m angrier would be reds and pinks” (P14). This quote indicates
the potential value of such coloured mandala to provide emotional information of how
they felt at the time. Mandala colouring also supports emotion regulation [215, 142,
44] when participants choose colours not to express how they feel in the moment but
how they would like to feel: “if I had a bad day I would choose something really jolly
and nice so that I could shed away all the stresses from the day” (P15). Such outcome
confirms findings on how mindfulness-based arts and expressive practices can support
emotional regulation for decreasing symptoms of distress [215, 142, 44].
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Mandala Colouring as an Expressive, Movement-based Mindfulness Practice.
We now describe participants’ accounts of mandala colouring that resonate with
mindfulness training, as mentioned by 10 participants. In this respect, findings
indicate aspects of mindfulness training such as the practice of focused attention on
the present experience as relevant also during mandala colouring. Focused attention
is a key aspect that each participant agreed on, in particular as colouring helps anchor
their mind by focusing attention on the process of slowly colouring the intricate
details of the mandala’s geometry: “you are being very careful -filling the little spots
with colour- and thinking ahead to the next colour you’re going to put around, and
that you need to let it dry” (P17). With respect to movement-based qualities of
mandala colouring, all participants described it as an active mindfulness training:
“instead of being like a guided meditation in which you have to listen, it is more
active and you can see then what comes out” (P13). Thus, through their intrinsic
and symmetrical pattern mandala provides sufficient scaffold to ground the practice:
“because it has more structure, it’s less exposing” (P18). Participants also found
that mandala colouring becomes a safe space to practice non-judgemental acceptance
of one’s colouring and its associated emotional experience which can, in turn, be
generalised to their everyday life. For example, for P17 mandalas were recommended
in her Cognitive Behavioural Therapy treatment for depression [153], and she found
they offered a safe space to practice reappraisal and acceptance when making colouring
mistakes: “if you make a slight mistake you have to live with it, and you might have to
rethink where you go after that” (P17). Such non-judgemental acceptance of mandala
colouring process in its entirety suggests participants’ ability to take the observer’s
perspective and to attend to the present experience without active evaluation, which
is an important aspect of mindfulness training [277]. An important outcome related
to the non-judgemental acceptance of mistakes is their role in indicating less mindful
moments, as further described.
Mistakes as Tangible Feedback of Mindless Moments. Findings suggest that
colouring mistakes play two main roles in this practice, as reported by 8 participants.
Firstly, as detailed before, is the way in which they facilitate the development of
non-judgemental acceptance. Secondly, through their immediate visibility, colouring
mistakes provide participants with the opportunity to monitor their training of focused
attention as mistakes act as tangible indicators of mindless moments: “Making sure
how you stay in the lines, I wouldn’t do that if I were thinking about other things
too much. But mind wonders sometimes, I’m not always that focused” (P12). Such
mistakes (Figure 4.4) include crossing the boundary of a pattern, or breaking the
symmetry of the mandala’s colour pattern by filling a gap with the wrong colour.
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Figure 4.4: Mandalas coloured by P18 (left) and P13 (right), with colouring mistakes
highlighted.
Indeed, although generating frustration, colouring mistakes are particularly
important to help people recognise mindless moments and to shift attention back
to the colouring activity: “I always make mistakes when I am not focused. If this
happens, I try to find a way to avoid it being noticed” (P4, mandala shown in Figure
4.4). As shown in this quote, practicants do not try to erase their mistakes, but instead
make them fit within their current colouring pattern, further practising acceptance
and learning to let go as core concepts of mindfulness [277]. This is also exemplified
in P13’s mandala shown in Figure 4.4, highlighted with a double circle as the mistake
has not only been accepted but accommodated into the whole mandala. In this case,
P13 started colouring a space with a wrong colour and then decided to combine both
colours throughout the mandala’s layer: “you just have to carry on, you can’t undo,
it needs to go with the mandala” (P13). This is an important finding highlighting the
values of acceptance and reappraisal that come from mandala colouring [40].
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4.2.2.2 Temporal Unfolding of Mandala colouring Sessions
We now describe the way in which practicants prepare for their mandala colouring
sessions, the social context of this practice, and the range of practices they engage in
with their completed coloured mandalas.
Preparing for Mandala colouring. In order to start colouring, people roughly plan
materials and colours as indicated by 5 participants: “I lay them out, that is part of
it [. . . ] and they (art materials) have to go back once you’re finished!” (P17). This
resembles a ritual-like process that marks the entering into a special time and sacred
place, which allows the intimate connection with mandala colouring to unfold: "I
have what everybody calls my corner. So it’s just where I sit and I’ve always sat since
my children were small. I can have a cup of tea next to me and [...] got a lovely view
over the trees, so it seems to be very nice and peaceful for me" (P5). With respect to
the choice of colours, findings suggest that most mandalas tend to be coloured with
a limited set of 3 to 5 colours (Figure 4.2): “I kind of like to experiment in mixing
tones, and sticking with one particular colour palette and theme” (P14). Regarding
the geometry, all participants mentioned that selecting the mandala to colour, based
on their geometry, tends to be somehow open: “I usually get them from a book; I don’t
go systematically but choose the one I like the most in that moment” (P4, Figure 4.3).
This quote indicates the value of browsing a set of uncoloured mandalas in order to
choose the one that participants resonate with in the moment. Interestingly, from the
choice of the four mandalas given to the participants in the face-to-face interviews
shown in Figure 4.3, mandalas C-F, all chose mandala F with the exception of P13,
who chose mandala C. Participants reported that mandala C was generally avoided
because of its outline: “I don’t like how thick the lines are, it looks a little less delicate”
(P14), “seeing the lines like that, it feels almost angry” (P15). This outcome brings up
the importance of the mandala’s geometry, as for example participants found mandala
D too intricate and challenging to colour in: “I find it far too busy” (P12), and mandala
E too enclosed and with geometric spaces such as triangles that would make them
feel uncomfortable to colour in: “I don’t like this one, it’s too geometric” (P16). On
the other hand, mandala F offered better opportunities for self-expression: “I like the
combination of borders, and the dots, and bigger spaces there” (P17).
Sharing the Practice and Space with Others. The way in which practicants prepare
their environment prior to colouring was described by 16 participants. The setting
up stage seems to be what helps them get grounded and ready for the practice. Such
safe space is predominantly within one’s home (19 participants), but we also found
accounts of nature-based places that people consider sacred: “at home, I do them all
the time. But sometimes if I’m not in a great place, I will go down to the beach [to
create the mandalas]” (P16). This illustrative quote is interesting, suggesting that
the restorative power of nature [139] can be leveraged within the mandala colouring
practice.
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With respect to the social context, participants mentioned the presence of trusted
others with whom they share the space of mandala colouring but not the practice itself.
The typical example is colouring a mandala in the living room while one’s partner
reads a book. Only occasionally, people would colour in group settings: “everyone
had their own personal little bit [parts to colour] but it was a part of the whole” (P18),
or alongside trusted others: “I love looking at what my grandma’s colouring because
she uses some colour combinations I wouldn’t think of, and I wonder what made her
choose that” (P21). Interestingly, participants mentioned that they would not feel
comfortable with unfamiliar people. In particular, most interviewees (16 participants)
considered mandala colouring an activity during which they open themselves up, and
therefore would not like to do something that personal, for example, in public spaces:
“I had surgery and I took the mandala colouring in [the hospital setting] but it’s not
the same, I’m not relaxed enough, I’m just on edge because is not my colouring place”
(P10). Therefore, the spatial and temporal context in which the colouring of the
mandala takes place is important, as this should be a space and a time in which the
person feels safe. In contrast with previous work that suggests mindfulness training
on the go [252, 69, 207, 52], these findings imply the need for a sacred space so that
colouring mandala properly unfolds.
Completed coloured Mandalas. Most participants mentioned that they like to finish
each mandala in one session: “I try to finish the mandala in one sit. If I have to
leave before, I feel like I should’ve finished it and I want to go back and finish it”
(P21). This interest in completion suggests the need for closure and the importance
of supporting it through mandala’s size and geometry, i.e. not too large that would
need more than one session. Findings also indicate that almost all participants keep
hold of their completed coloured mandalas as organised collections. They store them
within precious boxes or albums in private spaces within one’s home, and often in
chronological order: “I always date it with a nice pen, with the date I finished it” (P17).
By capturing the metadata of the colouring experience and then storing the mandalas,
people attempt a sense of continuity within the practice. These collections of coloured
mandalas can serve important remembering and reflecting functions. Indeed, over two
thirds of participants mentioned that they would occasionally browse through their
old coloured mandalas and that in doing so they remember how they were feeling
whilst colouring: “as if the mandala could convey the feeling you had while colouring
it” (P21). This is an unexpected yet relevant finding suggesting mandala’s value for
capturing and storing emotional memories.
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4.2.2.3 Analogue vs Digital Affordances for Mandala Colouring
An appetite for technology to be used for mandala colouring came up during the
interviews, with 17 out of 21 participants having used mobile applications to colour
mandalas. However, such interest in the digital space does not seem to be fulfilled
with current commercially available apps. Interestingly, the main affordances of the
analogue practice on paper and using colour pencils were further unpacked while
participants described their negative experience with such apps. We now describe
them together with the main digital affordances and challenges as identified by
participants, and how they can inform novel designs for movement-based mindfulness
technologies more broadly, and mandala colouring technologies in particular.
Instantaneous, Perfect Colouring of Digital Mandalas. When inquired about
colouring mandalas digitally, most participants expressed an interest. Nevertheless,
the 17 participants who had tried mandala colouring apps such as Pigment or colorfy
failed to enjoy and to adopt them as their experience with such apps was often
problematic: “I don’t like that you can just colour by tapping on the screen, I like
to work it out myself, slowly colour it” (P12). A main limitation of such apps relates
to how the mandala colouring practice is mapped onto the digital space with a
focus on the final image rather than on the process of colouring: "you’re thinking
more about. . . I think because then you’re thinking more about what it looks like, as
opposed to how it is just to do it" (P5). Generally, such apps seem to deliberately
eliminate the colouring’s slow and continuous movement supporting, instead, the quick
generation of a coloured mandala with no imperfections [68]: “I think the colouring
movement is very important [...] there is much more of a connection: [tap] is different
[than] when you write or colour which is softer or more continuous [. . . ] actual
physical act is important to me, and that’s how I remember” (P15). The avoidance
of imperfections was further supported by allowing users to undo actions [68], which
prevents the acceptance and accommodation of mistakes. Nevertheless, these are
mandala colouring affordances that participants found key in their analogue practice
and missed in the digital experience: “I don’t like [the app] because of the [way it
can erase] imperfections [. . . ] because [mistakes are] very organic and surprise you as
beautiful” (P16). Similarly, the colouring of the mandala was facilitated digitally by
allowing to zoom in, yet this disrupted the structured geometry hence the colouring
rhythm. Furthermore, we found that the colouring affordances are at the core of
mandala colouring practice. However, the limited used of materials for colouring in
digital mandalas hinders such experience: “I think I’m missing the pens (the smell,
choosing them, holding them)” (P20). These echoes previous findings on the role
of different art materials and their properties for expressing intimate sensations and
emotions [160].
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Augmenting Mandala Colouring via Tailored Experiences. One of the main
motivations to use mobile applications for mandala colouring was to access a wider
range of mandala geometries, which would also be less expensive than mandala
colouring books. Moreover, participants expected technology to increase the potential
for personalisation. For example, by allowing to modify pre-drawn mandalas or to
draw bespoke ones from scratch: “the benefit of an app would be that you could build the
mandala, and then you could make it the whole thing: production and design” (P17).
This quote illustrates similar views expressed by more than half of participants who
perceive the drawing of a geometric mandala as a high-skilled process. While lacking
skills for drawing mandala’s geometry, participants would, however, like to be able to
do it, in order to increase their sense of agency and expressiveness while colouring a
mandala: “if I could get the images out of my head, through my eyes, onto a piece of
paper” (P20). Yet, 14 participants never attempted to draw a mandala due to lack of
skills.
To conclude, findings indicate strong mental well-being benefits of the act of
colouring the mandala’s geometry, as well as those linked to the ritualistic aspects
of the practice. Participants also expressed growing interest in digital technologies
for mandala colouring. According to the interviews, such technologies are expected
to allow them expand the affordances of the analogue practice. Interestingly however,
our findings also suggest that the current mobile apps purposefully designed for
mandala colouring fail to account for its key qualities. Since the exploration of digital
affordances for mandala colouring has only been touched upon briefly in this first
study, an in-depth investigation could shed more light into the digital affordances and
constraints for mandala colouring practice, and how they can be used to inspire more
broadly the design of movement-based mindfulness technologies. Given the limited
range of technologies available for mandala colouring, we will focus on colouring
apps with free mandala patterns available, the only technology that a few of our
participants have used. Therefore, the second study presented in this study aims to
further explore in-depth the strengths and limitations of current digital approaches of
mandala colouring by evaluating mandala colouring apps.
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4.3 Analysis of Commercial Mandala Colouring Apps
The advent of applications for smartphones has created new opportunities to broaden
the delivery and accessibility of experiences for social communication [42, 191],
entertainment [244, 293] and well-being [194, 213] among many others. Mindfulness-
based apps have been gaining interest both in research and private sector [69, 207, 263]
as they have the potential to expand its contexts of practice, target wider audiences,
and facilitate the larger adoption of mindfulness practices. Nevertheless, most of
these apps tend to merely support guided meditation, overlooking other traditional
practices with the potential of not only supporting the training of mindfulness but
also mental well-being such as mandala colouring. In this study, we investigated how
the traditional practice of colouring mandalas is mapped into the digital realm by
evaluating the best ranked free apps for mandala colouring in the UK iOS AppleStore
(Table 4.1). A preliminary analysis of these findings were captured in a short position
paper at Designing for Digital well-being CHI’19 Workshop [68]. Here, we extend
these findings by focusing on the digital affordances of mandala colouring apps that
both support and hinder this mindfulness practice.
4.3.1 Research Method
The aim of this study was to evaluate mandala colouring apps to identify the state
of the art of translating a traditional and popular practice into the digital domain.
The evaluation was grounded on Nielsen’s heuristics [192] while employing also an
auto-ethnographic approach [73], a combination that has been commonly used in app
evaluations [69, 213, 250].
4.3.1.1 App Selection
We now describe the selection process of the mandala colouring apps. A systematic
search of free mandala colouring apps accessible from the UK for iPhone was
conducted in January 2018. The search was done in the iTunes app store, including
the following keywords: mandala, mandala drawing, mandala colouring, mandala
colouring, mandala painting, mandala art therapy, mandala mindfulness, mandala
meditation, adult colouring book mandala, adult colouring book mandala, art therapy,
sand mandala. This resulted in 200 apps, which were then screened based on the
inclusion criteria: have at least 500 review on the app store, and a minimum average
score of 4 in a 5-point scale. We further excluded those apps that did not allow for
free mandala colouring within the app, as some had in-app purchases. The final 14
apps that met the inclusion criteria were analysed in this review (Table 4.1).
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Table 4.1: List of evaluated iOS apps including number of ratings and average rating.
4.3.1.2 Data Analysis
The mandala colouring apps (Table 4.1) were reviewed in iOS 11 with an iPhone 6s.
Apps were tested by at least one author, with the first author having over 5 years
of experience in colouring mandalas regularly. Each app was used for a couple of
days in a real time setting involving the process of finishing the colouring of minimum
one mandala. To facilitate the illustration of the user experience and comparison
among the apps, and inspired by previous work on heuristic evaluations [106], Nielsen’s
heuristics were used to find usability issued during the practice of colouring mandalas
with digital apps.
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4.3.2 Findings
In this section, we report on the evaluation of the mandala colouring apps by describ-
ing the main strengths and problems found using heuristic and auto-ethnographic
methods. Findings include the digital journey of mandala colouring using the apps,
from the way in which apps allow to select a mandala to the colouring environment
and the final functionalities once it has been coloured completely. Further, we discuss
the experience of colouring a digital mandala by comparing the digital to the analogue
affordances such as presence of continuous hand movement, and the variety materials
for self-expression.
4.3.2.1 Digital Journey of Mandala Colouring: From Choosing a Pattern
to Sharing the Mandala Online
The process of colouring a mandala can be broken down in distinct phases, as found in
the previous study: from preparing for the colouring of the mandala to its completion.
Here we describe the experience of this journey of mandala colouring when using the
digital apps, and discuss the functionalities and main issues that appeared during
each of these colouring stages.
First, the preparation of the practice takes place by choosing a mandala with a
specific geometry, the art materials and, for instance, setting some goals or preparing
the space in which the colouring session will unfold. All the apps provide a broad
selection of mandala geometries or designs to colour, however, navigating through
them to select the desired mandala is not easy as most apps do not offer organised
collections. Furthermore, although we only evaluated free apps, all apps except for 6
(ids 2, 6, 9, 10, 11 and 13 in Table 4.1) only had a small selection of free mandala
geometries available to colour. The option of creating or importing custom designs
was supported by three apps (ids 1, 3 and 7 in Table 4.1), although they did not
provide any particular support to generate mandala geometries. Once a mandala was
selected to colour, most apps provide tutorials in the form of info-graphics or short
videos to explain how to use the art materials of the app to colour the mandala in
the most effective manner.
The identified functionalities for colouring the mandala include a combination of
traditional artistic practices with their materials, and different ways of applying them
to the mandala based on common technological features such as undoing, zooming and
saving. The description of the process of colouring the mandala geometry is detailed
in the following section, whereas we now describe the experience of using the apps
for colouring in the mandala. For instance, we found that in most apps the overall
experience was not allowing to wind down and focus on the self as the screen was too
cluttered by providing too many options and visuals in a single screen.
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In particular, interactive advertisements distract the experience by either popping
up as full-screen every couple of minutes or by appearing at the top and bottom
of the screen with loud sounds and flashy colours. As we understand that these
advertisements are what allow most of these apps to be free to use, the way these adds
are embedded in the use of the apps makes the experience stressful and overwhelming,
opposite to what analogue mandala colouring is found to be.
In relation to the art materials provided to colour the mandala, most apps offered
different tools. The most common ones available in all apps were the pots of paints,
providing solid colours manipulated by tapping with the finger on the colour and then
on the space of the mandala geometry where the colour was to be applied. Other tools
recreated the textures of pencils, brushes, markers, sprays, or crayons and allowed for
colouring by sliding the finger on the screen, yet in most apps these tools were free of
charge to use. Some apps also recreated the sound of the material being used such as
a scratch for the pencil and an air-pressure sound for the spray, but no app provided
haptic feedback through the phone e.g. vibration to enhance the tactile experience
of digital colouring. Regarding the selection of colours available, we found that a
very common approach by the mandala colouring apps was to provide a set of default
palettes from where to select the colour to colour with. We found that self-expression
was not well supported in such apps, as the colour palettes could rarely be customised
to have an easy access to the preferred colours. Furthermore, in many cases the app
suggested what colours to use in each mandala pattern.
Therefore, although the user is provided with a wide range of possibilities in terms
of colours and materials to colour the mandala with, these apps do not seem to
support a sense of agency over one’s practice. Once the mandala is completed, most
apps suggested to apply an artistic filter to change the look of the mandala into a
specific style such as pop art, graffiti or oil paintings. Finally, all apps prompted the
user to share their completed mandala on their social media, download it to the phone
and save it in their app’s personal collection, making it available to be re-coloured in
the future.
53
4.3. Analysis of Commercial Mandala Colouring Apps
4.3.2.2 Mandala Colouring with an App: Focus on Aesthetics, Disregard-
ing Imperfections
We now focus on reporting the issues that arise during the app evaluation in relation to
the specific experience of colouring mandalas digitally, in comparison to the analogue
practice. Drawing from the literature on mandala colouring and the previous study
presented in this study, we can say that the main aspects in the practice of colouring
mandalas are the slow and fine hand motion to colour in the structured and intricate
geometry, and the use of colouring materials as an embodied expression of internal
processes. First, half of the apps (ids 6, 9-14 in Table 4.1) did not allow the presence
of fine and controlled movement to colour in the mandala, as the different spaces could
be digitally coloured by merely tapping in. That is, with a single tap the space would
fill in with the colour selected from the provided palettes. Further, some of the apps
that allowed the continuous motion to fill in the different spaces, permitted blocking
the target space to avoid colouring outside the lines (ids 3,4). Hence there was no need
for the colouring movement to be fine neither controlled in order to avoid mistakes,
whereas the traditional approach benefits from the mindful colouring movement.
In addition, the training of attention has also been linked with well-being and
self-regulation processes [277]. In mandala colouring, the level of attention needed
to colour is usually determined by the level of detail of the geometry. colouring
complex geometries requires high level of attention while also fostering motivation
as they provide a challenge (i.e. colour within a limited area). Surprisingly, all apps
evaluated aim to lower this challenge by allowing to zoom in. And although this might
be done to leverage the smartphone small screen estate and digital affordances, as the
mandalas are coloured in the phone’s screen usually with the finger which restricts
precision, the balance for skilled attention is then broken. Furthermore, and also
supported by the functionality of undo-redo provided by most apps, the possibility of
making mistakes and including such imperfections as part of the coloured mandala
seems to be highly avoided in this domain. We find this to be an important issue
when colouring mandalas digitally as it does not match the motivations and values of
the analogue practice. While dealing with mistakes and imperfections is an important
aspect of the analogue practice, mandala colouring apps seem to discourage them by
allowing for their easy erase. This common digital functionality that aims to improve
performance seems to be a limitation in mandala colouring apps, as it does not support
the slowness that allows for the acceptance and incorporation of such imperfections.
To conclude, although the apps evaluated were the top ranked ones, they fail
to adequately map the practice of mandala colouring for well-being into the digital
realm. Most apps translated colouring a mandala into mobile interface as the creation
of a perfect and beautiful image that resembled a colour-by-numbers exercise, which




Therefore, we found that the digital translation of mandala colouring into apps
seem to overlook the main qualities of this traditional practice, which have been
shown to promote self-awareness and mental well-being [44, 144]. Hence, when the
first author tried these apps, she felt that the experience was completely different and
did not provide the positive well-being outcomes. Although colouring on the screen
of a smartphone with a finger has many restrictions, it also offers affordances to
support well-being through mandala colouring that have not been leveraged in these
apps. Therefore, we make the argument that the digital experiences that draw from
traditional practices for well-being should incorporate in their design the key features
that support the positive outcomes, adapted to their new interaction medium.
4.4 Discussion
We now revisit the initial research questions and highlight the theoretical significance
of our findings. We discuss mandalas as a movement-based expressive mindfulness
practice for mental well-being, and how our findings open up the design space for
novel movement-based mindfulness technologies within HCI.
4.4.1 Experiential Qualities of Mandala Colouring as FAM for
Mental well-being
Despite the acknowledged benefits of mandala colouring for well-being [14, 64, 87]
and its use in psycho-therapeutic settings [87, 241, 251], a striking finding was its
extensive and prolonged use as a self-care tool for mental health. Indeed, more than
two-thirds of participants started colouring mandalas for reasons such as depression
or anxiety and engaged with this practice for over four years. well-being and mental
health can be seen as part of a continuum [268], with mandala’s ability to support self-
expression, acceptance and emotion regulation contributing to them both [144, 142].
This is a striking finding, particularly since despite its benefits, mandala colouring and
design opportunities inspired by this practice have been largely unrecognised within
the growing body of HCI work in well-being and affective health [268].
While non-static FAM practices have been successfully incorporated in health care
contexts [16, 145, 239], most HCI work on mindfulness training for mental well-being
appears limited to static practices [69, 252, 263]. Within this space, our findings
identify mandala colouring as an expressive movement-based mindfulness practice for
training focused attention: it scaffolds and restricts one’s colouring movements while
providing a safe space for self-expression.
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Participants’ extended and frequent engagement with the practice can relate to
the state of flow through which their actions and awareness merge as grounded in the
present moment [62]. In turn, such qualities may be further explored to inform future
designs intended to mitigate the high attrition in mental health interventions [143]
and support stronger adoption of their underpinning technologies.
4.4.1.1 Embodied Self-Expression through Colouring
Mandalas offer a space for self-expression where the chosen materials and colours
become active parts in an ongoing communication with the person colouring it. The
process of self-expression through embodied interactions has been widely explored in
art therapy [160], with findings indicating its support for increased agency over the
object being crafted [253]. However, this value of mandala as a vehicle to capture
emotional memories and for supporting reflection has been largely unrecognised in
previous work on mindfulness. Such reflection allows for shifts of perspective and
increased understanding of the initial emotional memories, usually towards their more
positive reinterpretation. These benefits are similar to the ones of mood-reflection
tracked by mobile apps such as Echo [123], AffectiveHealth [227], or wearable systems
[274, 275], suggesting the value of integrating mindfulness and reflection technologies,
so that the content being produced through movement- and focused attention, can be
later used for reflection on its emotional meaning.
4.4.1.2 Focused Attention and Acceptance of Imperfections
While colouring mandala one’s mind can wander, and such failures to sustain focused
attention often result in colouring mistakes. However, rather than being perceived
as something negative, mistakes are seen as opportunities to practice the acceptance
of imperfections and how things can rapidly and unexpectedly change. This is an
important finding, as feedback on the failure to sustain attention is usually limited
in traditional mindfulness training practices such as meditation [171, 230]. During
mandala colouring, mistakes are not just noticed but worked through so that they
become integrated into the entire mandala, rather than erased or discarded. This
accommodation of mistakes supports people to reappraise the situation, leading in
turn to the acceptance of imperfections.
In this way, mandalas seem to provide a safe space for the practice of emotion
regulation strategies [49, 82] which future designs can benefit from. Our findings
also support previous work on imperfections as a resource for design [224, 272],
especially regarding reflection on, and acceptance of impermanence. The difference is
that mandala colouring embraces imperfections as outcomes of a process, rather than
imperfections as traces of long-term use of a material good.
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Also, the imperfections’ particularities of form [224] are not as important as the
awareness that arises from making a mistake. This is an important distinction, as
imperfections in mandala colouring are a result of an action (i.e. shift in focused
attention) instead of, for example, limitations of the design [272]. We further
contribute to the field by calling attention to making mistakes an active support for
the cultivation of mindfulness, in the way that they scaffold the training of focused
attention and encourage acceptance of its failures.
4.5 Implications for HCI
Whilst smartphone apps may seem to facilitate the introduction to the practice of
mandala colouring as they are ready-to-use without buying any new art supplies, we
found that the current technological translation of this practice does not allow the
same experience as the analogue mandala colouring. On the one hand, in our first
study, we have shown how mandala colouring is adopted as a practice for mental
well-being as it allows for self-expression through slowly and mindfully colouring
an intricate pattern, which becomes a safe space to make and accept mistakes and
imperfections as part of the experience. On the other hand, in the second study, we
found that these qualities of the practice were not supported by popular smartphone
applications for mandala colouring as they mostly focused on the creation of colourful
fast on-the-go visually perfect images. Hence, colouring mandalas in the analogue and
digital domain currently seem as two very different and opposite practices. We now
discuss three implications for designing for mindful movement including design for
intricate confines, for expressiveness, and for recolouring mandala as fluid material.
4.5.1 Designing for Intricate Confines: Slow, Continuous, and
Structured Movement
A key contribution of our work is a deeper understanding of mandala colouring,
as an illustration of a movement-based and structured activity to cultivate focused
attention. The HCI exploration of traditional movement-based practices of mindful-
ness training has been rather limited. One noticeable exception [52] explored the
design of movement-based mindfulness practice as mobile apps through free finger-
based movements on the phone’s screen, promoted to be slow and continuous through
adaptive audio-visual feedback. Instead of supporting such free movement, mandalas
restrict and structure the hand’s fine movement through its layered geometry. The
complex geometry challenges hand-movement required to colour in the different
spaces, specially the small ones. Therefore, a high concentration level is required,
which in turn facilitates grounding in the present moment [145, 273].
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Inspired by this, one can think of novel forms of mindful interaction providing
both space and boundaries for restricting the hand movement; which we call intricate
confines. In this way, the interaction gently scaffolds the user towards a particular
course of action without having to rely on willpower alone, while at the same time
demands focused attention. To further develop this concept, we also found useful
drawing on its similarity with the concept of subtle guidance from Somaesthetic
Appreciation Design [2, 114], defined as gently directing one’s attention towards
specific bodily sensations albeit without grabbing. A key distinction is that instead
of focusing on a specific object of interest such as body part, sensation, thought
or emotion, intricate confines direct the focus of attention within defined physical
spaces and to the mindful movement within them. While subtle guidance tends to
be open, intricate confines involve a more structured training of focused attention
where internal experiences arise and are expressed through the slow and controlled
movement. Another similar idea is the one of microboundaries as interventions which
deliberately introduce small challenges in the interaction with the technology, in
order to support the shift from automatic to more mindful behaviour [61]. The key
distinction is that for mindfulness training intricate confines prevent slipping out of
mindfulness states while microboundaries facilitate slipping out of mindless states.
4.5.2 Designing for Expressiveness: Making the Intangible
Tangible
Findings indicate participants’ strong preference for mandala as a highly expressive
form of interaction with materials. This is reflected in people’s choice of colours and
interest in personalising mandalas’ geometry. Expressivity preferences can open up
new design opportunities, for example through applications that provide collections
of novel digital mandalas, i.e. a mandala for each mood, or supporting different
emotion regulation strategies; as well as the provision to scaffold the process of
drawing mandala’s geometry. These design implications support the preparation
stage of mandala practice, and their outcomes can then be both digital and printed
personalised mandalas ready to be coloured. For the colouring process, we have seen
the paradox of people’s interest in technology, and the serious limitations of currently
available mandala apps. We argue that there are design opportunities for innovative
mandala colouring technologies that should be built on the design principles suggested
by our findings: intricate confines and expressiveness.
The latter has been already explored within HCI, with findings indicating that
expressive interfaces emphasise the human body, emotions, meaning-making and
multi-modality [227], all sensitising concepts valuable also for designing for mandala
colouring. In particular, we can think of novel tangible interfaces augmented with
physical computing-based input devices.
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This would address people’s preference for the mediated input, i.e. pens or
brushes instead of finger. In addition, as suggested in art therapy [142, 182,
160], different materials offer richer opportunities for communication and expression.
Therefore, such tools could also adapt to ensure multiple expressive choices resembling
those for gel pens, felt tips or pencils, range of choices much enjoyed by our
participants. Furthermore, digital augmentation of mandalas coloured with rich
expressive materials could also support the important stage of reflecting on them once
finished. We could think of novel strategies to support such processes of attention
regulation and reflection over one’s mindfulness training. Distinct processes could be
decoupled on separate interfaces, for instance, having a main interface for the attention
training task, and a secondary one for its monitoring, possibly through brain-computer
interface technology. This decoupling could facilitate a better understanding of the
mindfulness practice and reflection on its otherwise abstract and less visible processes.
We can imagine novel mindfulness technologies providing real time feedback on
mindfulness states through subtle visual guidance which would leverage ambiguity
through metaphorical mapping and form of delivery (time or event based), or through
leveraging peripheral displays as site for such subtle guidance which would not distract
attention from the main technology where the focused attention is trained through
slow continuous and restricted movement.
4.5.3 Design for Re-colouring: Mandala as a Fluid Material
Study outcomes suggest two important and previously unrecognised roles of the
mandala: capturing emotional memories and reflecting on them. We argue that
both these roles, and in particular the later, could be supported by technology in
ways in which paper-based mandalas are less equipped to do. As participants noted,
they would much prefer to re-engage with their completed mandala at the reflection
stage. In addition, they declared their longing to even recolour them, often in more
positive colours. It may be possible that through the personal involvement required
by the colouring activity, this emotional memory is better encoded and processed.
Hence, as a result, mandala serves as a powerful cue for remembering both the
mandala colouring process and more importantly, the emotional event or memory
that triggered it. Browsing through the completed mandalas and remembering their
associated emotional experiences can also facilitate reflection.
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Such reflection allows reinterpreting the initial negative experience and re-framing
it in a more positive way. Special emphasis was put on the time-lapse between mandala
colouring and the moment of reflection, as it allows participants to gain both distance
and perspective for positively reinterpreting past emotions. This concept resembles
the pictorial equivalent of Pennebaker’s expressive writing process, well documented
for its mental health benefits [201]. Previous work indicates that repeated writing
about an emotional event allows for better emotional processing or the rewriting of
its narrative.
Our outcomes indicate a different approach for such envisaged recolouring; to be
performed directly on the completed coloured mandala rather than a new one. It
may be that, unlike text, the expressive qualities of mandalas render them suitable
for this temporally-layered approach, which digital interfaces are ideal to support.
For instance, we can imagine new tangible interfaces on which the coloured mandala
may become fluid material of past emotional experience. People could dynamically
reshape such fluid material by slowly and continuously adding new layers of content
and change the initial emotional meaning.
4.6 Summary
This chapter provides a rich overview of the non-static FAM practice of mandala
colouring detailing the motivations, benefits and challenges of regularly engaging
with this practice, the qualities of the context in which mandala colouring unfolds,
and the opportunities and challenges of technology-mediated mandala colouring. My
contributions to the HCI community include providing novel insights from an in-
depth study reporting on interviews with 21 people who regularly engaged with the
FAM practice of mandala colouring, as well as an heuristic and expert evaluation
of the best rated mandala colouring apps in the UK. These two studies have shown
that through its movement-related qualities and expressiveness, mandala colouring
can support self-expression, non-judgemental acceptance, and emotion regulation.
Mandala is also used as an emotional memory cue that people engage with for later
reflection and meaning-making. Finally, it discusses the design implications deriving
from this work such as the concept of intricate confines to support slow, continuous,
and limited movement; expressiveness to support a more tailored practice; and
recolouring mandala as a fluid material, and for reconstructing emotional meaning.
These implications are developed in the next chapters (Chapter 5 and 6), which delve
in the design of an interactive prototype for mandala colouring to enhance its benefits
(e.g. interaction mediated by intricate confines, use of colouring mistakes to practice
acceptance) and mitigate the challenges (e.g. become aware of one’s mindfulness state
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With its origins in Eastern spiritual traditions [273], mandalas have been widely
adopted by psychotherapists to cultivate self-awareness and improve mental well-
being through mindfulness-based art therapy [182, 142]. Mindfulness practices have
become increasingly popular because of their significant benefits for psychological
well-being [40], mental [16, 82] and physical [99, 134] health. Mindfulness has
been conceptualised as actively bringing one’s attention, non-judgementally, to the
unfolding experience in the present moment [157, 168, 246, 261]. Our work builds
on Vago and Silbersweig’s S-ART framework [277], in which they describe two
distinct approaches to mindfulness training: focused attention through concentrative
practices, often the starting point of novice meditators [38], and open monitoring
involving no specific object to focus the attention on, hence learning to observe the
present moment without engaging with neither internal nor external stimuli [168].
Consistent findings in the literature indicate that the skills required to sustain and
regulate attention, such as in mindfulness practices, are challenging to develop [145,
230].
Both the benefits and the challenges of mindfulness training have attracted a
growing HCI interest in designing interactive mindfulness technologies [67, 252, 263],
with a special focus in designing and developing systems to improve well-being [74,
166, 228, 268]. Most of the work within this space has drawn from static mindfulness
practices such as sitting meditation [168, 277]. Although sitting meditation is a very
common approach to training mindfulness, there are a wide variety of traditional
mindfulness practices that rely on other strategies such as practices emphasising
attention on movement -what we call movement-based mindfulness training-, yet
these have received less attention in HCI [159, 239]. This is surprising given the
acknowledged value of bodily movement in traditional mindfulness practices [239]
and their growing interest in the general population (e.g. walking meditation, tai-chi,
mandala colouring), as well as the embodiment and somatic practices [43, 45, 117]
core to the third wave in HCI [33, 91]. Hence, this less explored design space offers
untapped design opportunities for novel mindfulness technologies.
This chapter therefore explores the design of a prototype augmenting the practice
of mandala colouring, informed by the understanding of the design space provided
in Chapter 4. The prototype, Anima, is a peripheral colour palette materialising
EEG-based mindfulness states onto colours during mandala colouring. It provides a
detailed explanation of the design rationale of Anima, including the exploration of
different metaphorical mappings of brain activity to represent mindfulness states as
well as the form and structure of the user interface (i.e. external object of attention
for the FAM practice).
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5.2 Design of a Working Exemplar Prototype for
Augmenting Mandala Colouring
Anima is a working exemplar prototype [234], defined as an instantiation or design
exemplar illustrating an abstract principle. The main role of working exemplar
prototypes, such as Anima, is both to inspire designers’ thinking of such principle,
and to act as possible placeholder (rather than design solution) within a novel and
yet to be explored design space [234]. Such working exemplars have generative rather
than evaluative purposes [111, 121, 236] emphasising their playful exploration, while
offering the advantage of being easy to understand by naive users [35].
Therefore, the goal of the Anima is to bring forward the exploration of a
novel design space for non-static focused attention mindfulness technologies, with
an external focus of attention. The key design principle Anima illustrates is the
decoupling of two main aspects of FAM practices: the training of focused attention
and the monitoring of mindfulness states during the practice. Furthermore, we aimed
to explore the way in which brain activity could be materialised in order to guide the
mindfulness practice, which has been little explored in HCI.
5.2.1 Design Rationale
The design of the working exemplar prototype was inspired by the traditional practice
of mandala colouring, in which the interactions between the mandala and the used
colours are key. In Jung’s theory, the psychotherapist that introduced mandala
colouring to the Western culture for mental well-being, Anima represents the inner
personality that allows bringing attention towards unconscious parts of the self [251].
Similarly, Anima aims to bring attention inwards through the materialisation of
mindfulness states on the peripheral colour palette, in order to facilitate the FAM
practice of mandala colouring [87, 173].
Its design was also inspired by traditional colouring and its interaction with the
materials, representing the setting of using a colour palette to paint on a canvas:
colours placed within reach, there when needed, yet peripheral. I now provide
an overview of the system and describe the design choices regarding colours, their
aesthetic appearance and spatial arrangement on the peripheral palette.
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Figure 5.2: This diagram shows an overview of the system by describing the three
components of Anima (i.e. brain activity headband, adaptive colour palette and
mandala colouring canvas on two Android tablets respectively) and the way they
function together monitoring the mindfulness practice with a peripheral adaptive
colour palette.
5.2.2 Overview of the System
Anima working exemplar prototype consists of three components: a brain activity
headband, an adaptive colour palette, and a mandala colouring canvas. Each of
these components was carefully designed to fulfil a specific goal, as detailed in Figure
5.2. First, the brain activity headband is used to non-obtrusively access the person’s
mindfulness states during mandala colouring. Second, the tablet-based adaptive
colour palette is used as a peripheral interface for monitoring the FAM practice,
as it provides new colours that are generated based on the current mindfulness state.
Finally, the tablet-based canvas aims to recreate the traditional practice of mandala
colouring to train focused attention by colouring with conscious, slow and continuous
hand movements. The design of each of these components is described in the following
sections.
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5.2.2.1 Sensing mindfulness states using a wearable brain activity head-
band
The first component of Anima is Muse [186], a wearable, commercial EEG headband
for monitoring brain activity in order to infer mindfulness states in real-time. Through
its four cutaneous channel electrodes capturing alpha, beta, gamma, and theta brain
waves [151], Muse has been shown to provide valid and reliable measurements of event-
related brain potentials [151, 219]. Previous work has also linked each of these brain
waves with specific mental states [219], particularly during mindfulness training, from
which mindfulness states can be clearly identified [110, 230].
The second component is an adaptive colour palette, for which we designed a
hybrid artefact consisting of a tablet enclosed in a bespoke, wooden laser cut made
painter palette (Figure 5.3). The aim of the palette is to act as a peripheral display to
facilitate the open monitoring of the mindfulness practice during mandala colouring,
as it provides new colours based on the unfolding mental states throughout the session.
The interface was developed as an Android app that was installed on a Samsung
tablet. Besides the generated colours, the palette also includes the original four seed
colours selected by the user (see Figure 5.3 and section ’Mapping Brain Activity onto
colours’ below), an indication of the current selected colour with which the mandala
is to be coloured on the canvas, and an icon showing the connection status with the
Muse’s headband, as shown in Figure 5.3. Figure 5.2 describes the way in which the
new colours are generated based on the mindfulness states sensed by the brain activity
headband, and is further detailed in the section ’Mapping Brain Activity onto colours’
below.
5.2.2.2 Training focused attention through mandala colouring
Finally, the third component of Anima is a digital canvas for mandala colouring. The
main goal of the canvas was to recreate the analogue practice of mandala colouring
in order to facilitate the training of focused attention and self-expression. Therefore,
we developed a website which provided the geometry of a mandala to be coloured in
with a stylus as if it was on paper [68]: no eraser or undo actions, no zooming in
and out, and no colour by tapping into the spaces. To select a colour, the user would
simply tap on that preferred colour from the adaptive colour palette. Then, it would
be automatically loaded on the canvas by sending the RGB value from the Android
app to the website using web sockets, as shown in Figure 5.2.
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Figure 5.3: Close up diagram of Anima’s colour palette identifying its main parts: (A)
four seed colours originally selected by the user, (B) generated colours based on the
mindfulness states, (C) current selected colour to use on mandala colouring canvas,
and (D) connection status with brain activity headband.
5.2.3 Mapping Brain Activity onto colours
An important design decision focused on how mindful versus non-mindful states
could be distinctively represented through colour. Here, the design was informed
by Gombrich’s concept of beholder’s share [148], in which one’s prior experiences and
emotional memories guide the process of decoding visual information, determining
its meaning and interpreting it . For that reason, the colour-based metaphorical
representation of mindfulness states was based on an initial user selection of colours
(Figure 5.3).
Drawing from mindfulness literature and the traditional practice of mandala
colouring indicating that mandalas are traditionally created using four core colours
[273], our initial choice of colours consisted of a set of four colours –which we call
seed colours (Figure 5.3). The seed colours were chosen by each participant at the
beginning of the mandala colouring session and used as a yardstick to represent
their initial mindfulness state. Subsequent state changes (i.e. becoming more or
less mindful) were materialised as changes applied to these seed colours.
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WATERCOLOR OIL PAINT PENCILS 
Figure 5.4: This image shows the design exploration of the mapping of mindfulness
states into colours, by drawing from different materials: watercolour (left), oil paint
(middle), pencils (right).
For the colour modification, we draw further inspiration from work on colour
theory [56] suggesting that hue, saturation, and brightness can increase expressiveness
in information visualisation [65, 161]; and that low saturated colours with low hue
can support calm states [22]. While saturation and brightness levels were open
for modification, we kept the hue constant to limit the range of distinct colours.
Generation was deliberately ambiguous and subtle to not distract from the main
focus of colouring the mandala [94], yet informed by participants’ mindfulness states
[219].
To monitor mindful and non-mindful states, we used alpha and beta brain activity
frequencies as increases in alpha and beta frequencies have been linked to attention
modulation in focused attention practices in related neuroscience work [122, 285].
Thus, when a participant reached a more mindful state (i.e. increase in alpha and
beta), the system generated a more muted colour. This was done by lowering the
saturation and increasing the brightness of a seed colour. Accordingly, to represent
a less mindful state (i.e. decrease in alpha and beta), the system generated a new
stronger colour by increasing the saturation and lowering the brightness of a seed
colour.
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5.2.4 Palette Design: Colour Choice, Appearance Placement
Regarding the interface of the Anima’s adaptive colour palette (Figure 5.3), we
conducted a series of design iterations to find the appropriate design for the working
exemplar prototype. For this, we draw inspiration from the traditional painter’s
colour palette while aiming also to provide support for open monitoring during the
mindfulness practice of mandala colouring.
For instance, we explored colours’ physical appearance on the palette in terms of
their shape and size. Inspired by work on materials for self-expression [95, 160], we
looked into art materials such as watercolours, oil paint, and pencils (Figure 5.4). We
decided to use digital colouring due to its simplicity to programmatically augment
the practice, and its use of the metaphor of pencil colouring via the stylus. Digital
colouring also leads to distinct, atomic colour generation and selection which can be
associated with distinct mental states.
In terms of colour appearance, we considered a variety of shapes, like the ones
shown in Figure 5.4, and decided to display colours as solid cells as the interaction and
meaning-making processes were best facilitated with the grid. The cells were squares
of 1 x 1 inch, ensuring that the number of displayed colours resembled the number of
colours provided by a case of colouring pencils. Indeed, based on the palette’s screen
state and the size of the cells, up to 22 colours (4 seed and 18 generated) could be
displayed on the palette without erasing any previous colours.
For the frequency and temporal addition of new colours, we initially tried to
replace old colours with new ones. However, this felt like the system was erasing
one’s prior experiences. After initial testing, we chose new colours to appear every
30 seconds, until the 22-colour palette was full. Thus, half way through a 20-minute
colouring session -average time of mandala colouring according to study 1 presented
and previous literature [64]- the user would have access to a full-colour palette, which
is no longer evolves.
Finally, we experimented with colours’ spatial placement on the palette. After
a few design iterations, we decided to place colours in random locations rather
than chronologically aligned to make difficult the identification of the most recently
generated colour, and to ambiguously link it to the current mindfulness state. We
expected that this choice would limit the user’s adoption of a judgemental attitude
towards one’s performance (e.g. “I am not doing it right” thoughts), while still




This chapter explores the notion of designing to facilitate through technology the
practice of mandala colouring, a non-static focused attention mindfulness with an
external object of attention. It contribute to the HCI community by outlining design
recommendations for two under-explored spaces: peripheral interfaces for mindfulness
training, and mappings of brain activity data onto metaphorical representations of
mental states. Specially, drawing from the findings in Chapter 4 to design a brain-
computer interface prototype that builds on the core beneficial components of mandala
colouring: movement that is slow, continuous and structured through the intricate
confines to colour the mandala, allowing for mistakes to occur as traces of mind-
wandering moments and opportunities for self-acceptance, with a range of colours
to support self-expression that are placed on the periphery but within reach. The
colours available, however, are continuously evolving in an adaptive colour palette with
metaphorical representations of the mindfulness states to facilitate the monitoring
of the practice through an external object of attention without being too cognitive
demanding. In the next chapter (Chapter 6), the experience of using the prototype
and the design solutions proposed to support mindfulness training for mental well-
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In previous chapters I have provided an in-depth overview of mandala colouring to
understand the design space of non-static FAM practices with an external object of
attention (Chapter 4); this has informed the design of a novel prototype, Anima,
to augment the practice of mandala colouring with a brain-computer interface that
provides in-situ colour-based metaphorical representations of mindfulness states on
the periphery (Chapter 5).
This chapter reports on participatory workshops with 12 practicants (i.e. people
that engage with the practice of mandala colouring regularly) to explore their
experience using Anima for mandala colouring as a FAM practice. In particular,
it delves into the participants’ perceptions of the metaphorical representations of
mindfulness states during mandala colouring, and their insights on using a peripheral
interface to facilitate the monitoring of mindfulness states.
6.2 Participatory Workshops to Explore Anima
Anima was developed to explore a novel design space for mindfulness technologies in
which the training of focused attention and open monitoring are decoupled into two
distinct, yet connected, interfaces. Because of this, the purpose of the workshops was
twofold: not merely Anima’s evaluation but the exploration of its generative role to
help us understand key design principles underpinning this new design space [234].
We conducted a total of five workshops with two to three participants in each (Figure
6.6), 12 participants in total, focusing on the following research questions:
• How should metaphorical representations of mindfulness states, captured
through brain activity, be designed to be both recognisable by users and yet
open for interpretation?
• How do people make sense of the metaphorical representations of their
mindfulness states?
• How does the decoupling of focused attention and its monitoring impact on the
mindfulness training through mandala colouring?
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Figure 6.2: Photograph of the group discussion during a workshop exploring Anima.
6.2.1 Methodology
6.2.1.1 Participants
We recruited a total of 12 participants through university mailing lists and posters
around campus. Participation was incentivised with an equivalent of a 15 Amazon
voucher. All participants had regularly practised mandala colouring previous to the
study, with 2 participants having coloured mandalas monthly, 5 more than once a
month and 5 on a weekly basis. Furthermore, all participants had engaged with
mandala colouring long-term for at least the last year, with 7 participants having
been colouring mandalas regularly for 1 to 2 years, 3 for the past 3 to 5 years and 2
for over 5 years. Regarding participants’ demographics, 9 identified as women and 3
as men, with an average age of 32 years old (SD = 10.02). Participants’ nationalities
were varied, with 4 participants identified as British, 2 Nepalese, 2 Peruvian, and 4
other (i.e. Costa Rican, Greek, Russian and Turkish).
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6.2.1.2 Study Design
Upon arrival, each participant was provided with a Muse EEG headband [186]. After
the setup, participants were asked to select the four seed colours, and individually
colour the digital mandala provided to them (all participants had the same mandala)
(Figure 6.3) using Anima’s canvas and palette. This activity took place in a separate
room for each participant to explore the working exemplar in a private space. The
inner working and mapping of the working exemplar prototype were not disclosed
at this stage in order to encourage Anima’s unbiased exploration. After 20 minutes
(time allocated based on findings from Study 1 and following previous studies on
mandala colouring [13, 64]), participants were notified and given the choice to either
stop colouring, or to spend 5 more minutes to finish up.
Then, all participants were brought together to start the group discussion, where
they could share their final colour palette with the group to be used as a starting
point for discussion (Figure 6.6). Before disclosing the mapping of mindfulness states
to the generated colours, participants were prompted to share with the group their
motivations for colouring mandala and to explain their own understanding of how
Anima worked. After the Anima’s colour-based representations of mindfulness states
were disclosed to the group, participants were invited to discuss Anima’s mapping
of mindfulness states to colours, the colours’ frequency of appearance and their
placement, shape and size. We also provided alternative design choices for the
mapping through different shapes, size and colour arrangements identified through
our previous design exploration, and encouraged participants to design their own
palette to materialise mindfulness states during mandala colouring.
6.2.1.3 Data Collection and Analysis
All workshops were audio and video recorded, and the design materials such as
coloured mandalas, and generated palettes were photographed. Conversations were
transcribed and coded using Atlas.ti/8 software for qualitative analysis. We followed a
hybrid approach of coding and theme development [85]. For the deductive coding, we
draw upon a conceptual framework developed from prior work including codes such
as materialisation of mental states, focused attention, open monitoring, attention
regulation in focused attention. For the inductive coding, we used the new codes that
emerged from the data such as mapping of mental states to the colour palette, and
its spatio-temporal arrangement. All brain activity data was stored and processed
locally on the tablet of Anima’s colour palette. EEG data was analysed using power
analysis to detect the dominant brain waves [151, 219].
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Figure 6.3: Photograph of a participant using Anima to colour a mandala.
6.2.2 Findings
We now report the findings from the workshops highlighting participants’ motivation
to colour mandalas regularly in their everyday live, and the ways in which their
experience of mandala colouring has been impacted by the use of Anima. Further, we
describe how participants made sense of Anima and how their mindfulness states
were materialised into colours on the peripheral interface. They also provided
suggestions for future brain-computer interfaces for mindfulness training during
mandala colouring.
6.2.2.1 Motivation for colouring Mandalas
Findings indicate three distinct motives for mandala colouring (Figure 6.4): mindful-
ness benefits, spiritual motives, and artistic ones. The most prevalent motive was for
the mental well-being benefits [64, 44] entailed by this form of mindfulness training
(P2, P3, P4, P6, P7, P10, P11, P12): “for me, I never see mandala as a piece of work.
It’s just an instrument for me to relax and be more mindful” (P2), “it gets you to see
how you’re feeling on a page, without having to necessarily be too explicit, like writing”
(P3). The other two motives were less emphasised, being shared by two participants
each, and included spiritual reasons from Nepalese Buddhism (P8, P9), which embeds
mindfulness training but not as the main goal: “having the base colours as they should
be (red, green, yellow and blue), because maybe we are trained that way” (P9);
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Figure 6.4: Mandalas coloured during the workshop by participants with different
motivations: mandala 1 is by P7 for mindfulness training; mandala 2 is by P8 for
spiritual tradition; and mandala 3 is by P1 for artistic purpose.
and artistic purposes (P1, P5) with the goal of creating beautiful images: “with
mandalas I don’t have a specific idea or goal in mind as ideas flow more naturally
[than when I do other types of art]” (P5).
Findings also indicate how these motivations are reflected in different ways of
colouring mandala. Participants who colour for mindfulness benefits and spiritual
tradition fill in the mandalas layer by layer, as illustrated in Figure 6.4. They aim for
completeness and have a specific approach to handling mistakes: going over the lines,
by allowing, accepting, and integrating mistakes in the mandala colouring: “if I make
a mistake, I have to incorporate it” (P10). This is an important outcome indicating
the value of mistakes in signalling less mindful moments, as well as the opportunities
they offer for practising non-judgemental acceptance [57, 277]. In contrast, in P1’s
mandala we can see that the goal was to create a detailed and aesthetically perfect
image, with few mistakes whose acceptance has not been emphasised.
Regardless of their motivation, all participants expressed how the colouring of the
mandala allowed them to express themselves in a non-judgemental way that facilitated
self-reflection: “you can reflect and see it through the colours, because sometimes you
have so much in your brain you can’t keep it all in –it’s like a release” (P11). These
outcomes are important, indicating that mandala colouring, as a mindfulness practice
rooted in Buddhist traditions [273], is predominantly used for mental well-being [144],
although our participants’ recruitment did not focus on this vulnerable user group.
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6.2.2.2 Interactions with the Anima’s Peripheral Palette and Digital
Canvas
Most participants reported that they really enjoyed the experience of using Anima: “It
really felt nice, when I was colouring I didn’t want to stop, and when you came earlier
I thought ‘it’s only been 5 minutes, how. . . why?’” (P8). Although 6 participants
found it initially challenging to move from colouring on paper to colouring on a tablet
(P1, P2, P5, P8, P9, P10): “I loved getting patient with it (the digital canvas) and
getting good at it, which was really rewarding. . . it’s not great, full of mistakes, but I
was quite happy with it” (P10), in a couple of minutes all participants mentioned that
they reached a more mindful state, and seven even wanted to continue colouring for
longer (average Anima colouring time among participants was 23.5 minutes). We now
describe participants’ experience with the peripheral palette and the digital canvas,
and how different motivations for engaging in mandala colouring impacted on their
use.
Findings from the analysis of participants’ interaction with the palette, indicate
that from the 22 provided colours (4 seed colours, and 18 generated) the average
number of colours selected to use was 5.9, including in average 2.8 seed colours, and 3.1
generated colours. This suggests that we may have provided more colours than needed,
however as we shall see later, the number of generated colours provided both richer
choices to select the colour to use, as well as real-time feedback on the mindfulness
states. To explore the latter, we calculated the number of colours mapping mindful
vs less mindful states, and findings on the palettes’ colours indicate that an average
of 11.7 out of 18 generated colours represented mindfulness states. This suggests that
for the first half of the session, while colours were generated, participants experienced
mindfulness states about 65% of the time.
Another interesting finding is that despite this rather limited use of merely less
than a third of the colours provided on the palette, seven participants across all three
motivation-based groups expressed a desire for more colours. A closer look into this
revealed two main reasons. First, there was a preference for colours varying both in
saturation/brightness level, and hue: “I wanted more variety" (P11). On reflection, we
deliberately constrained the breadth of colours’ hues so that they would not distract
attention from the main colouring task. This design decision was notably supported
by three participants: “it’s boring when you have so many options” (P5). Driving the
colour generation solely on the basis on mindfulness states, and the 4 seed colours,
meant that some of the colours were similar and difficult to differentiate, which in
turn restricted the range of diverse generated colours. Moreover, most participants
across the three groups made use of bright colours, which were also less represented
on the palettes.
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The second reason for this preference of fewer colours to use relates to the duration
of colour generation. Our design choices led to the palette being filled up with colours
before the colouring session ended, which was perceived as less satisfactory by six
participants: “I think they [the colours on the palette] filled up very quickly" (P7).
This concern relates to the desire to have a complete materialisation of mindfulness
states over the entire colouring session as expressed by eight participants, rather than
merely for the first half of the session.
We also looked at how the interaction with the palette was impacted by
participants’ motivation to colour mandala. Differences in the use of colours across
participants with different motivations was also found, with the reason of colouring
for mindfulness benefits involving the greatest use of colours in general and of those
representing mindfulness states in particular: on average they used 7.4 colours, of
which 2.7 were seed colours, and 3.6 generated colours reflecting mindfulness states
and 1.1 reflecting less mindful states. Interestingly, participants motivated by the
benefits of mindfulness training have used not just muted colours, but also at least
one bright colour (in average 1.1) mapping less mindfulness states, which may appear
as counterproductive. However, as shown in their coloured mandalas (Figure 9), such
choice was mainly due to the desire to move between mandala’s layers rather than to
colour in significant areas, so arguably they were used briefly for aesthetic reasons.
As shown in Figure 6.4, participants interested in artistic expression tend to
cover smaller areas of the mandala with a balanced choice of muted and bright
colours (average number of colours 4.5, from which more than half, 2.5, were seed
colours and 2 generated colours reflecting mindfulness states). Participants following
spiritual tradition used predominantly the same 4 prime colours of green, red, blue
and yellow, considered symbolic of enlightened qualities in spiritual tradition (Tucci,
2001); making limited use of the generated ones (average 4, with 3.5 seed colours and
0.5 reflecting mindfulness states). As participants motivated by spiritual tradition
used almost exclusively the seed colours, they arguably benefited less from the large
range of generated colours.
6.2.2.3 Reflection in vs on Action on Mindfulness States
In this section, we describe how participants made sense of the mapping of mindfulness
states to generated colours, both during, and after the mandala colouring session, and
this understanding was supported by the colours themselves as well as their spatio-
temporal appearance. Drawing from Schon’s seminal work [240], we found useful the
concepts of reflection-in-action that refers to the habit of observing one’s thoughts
in the process of action and adapting ones actions on the fly towards the goal, and
reflection-on-action that takes place once the action has finished, through an effort of
stepping back from the experience to gain a better understanding [240, 289].
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This is relevant as a non-judgemental reflection over one’s experience is also a core
process of mindfulness practices [110, 277, 289].
Findings suggest that the palette supported reflection-in-action, as indicated by
four participants: "it really helped [me] become more aware [of my mental states as]
through colour I try to organise a little bit of myself" (P6). This quote indicates not
only the value of Anima’s generated colours for communicating mindfulness states,
but also colours’ potential to support or further regulate oneself towards mindfulness
states. Such outcomes confirm findings in experimental psychology on the impact of
low colour saturation and low brightness (no higher than Munsell brightness value of
43) on decreased arousal [278] or calming down. This also suggests people’s interest
on affective interfaces supporting not just awareness of emotional states, but also their
regulation when such states are less than ideal [275]. These findings are also supported
by the EEG’s data analysis. A repeated-measures ANOVA with Greenhouse-Geisser
correction shows that the dominant brainwave differed significantly between time
points (F(1.792, 17.920) = 7.679, p < 0.005). Post hoc tests using the Bonferroni
correction revealed a significant change in the dominant brain wave from dominant
alpha (at the start of the colouring session) to dominant beta (at the end of the
colour generation) which was maintained until the end of the colouring session. Both
alpha and beta brainwaves are indicators of enhanced mindfulness sates [219], with
dominant beta commonly relating to focused attention [150], and dominant alpha to
open monitoring [230].
With respect to reflection-on-action, a key finding is that seven participants
reported Anima’s value for supporting awareness of mindfulness states and that this
value emerged particularly after the colouring session as shown in this illustrative
quote: “I can feel the contrast of my state of mind at the beginning vs at the very end
[and while looking and pointing at muted colours another participant’s palette] Yes,
definitely” (P7). This quote refers to the intuitive understanding of the mapping of
mindfulness states to muted colour during reflection-on-action. This would happen
not just for oneself but also for others’ palette.
The above findings indicate how the fully generated colour palette has becomes
after the mandala colouring session has ended, a tool for reflection on the experienced
mindfulness states. Indeed, although most of the generated colours from the palette
were not used during the mandala colouring, they were definitely key during the
post-colouring experience of sense-making as further described. Looking more in-
depth at this sense-making process, findings indicate three main strategies employed
in reflection-on-action: (i) identifying a known mental state and looking for its
materialisation on the colour palette, (ii) identifying salient colours on the palette and
inferring their mindful states, and (iii) negotiating the challenge of colours’ random
appearance.
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Figure 6.5: Interface of Anima’s palette with the seed colours placed in the centre (A:
P10, B: P11).
6.2.2.4 Identifying a Mental State and Looking for its Mapped Colour
Findings indicate that that the sense-making process was facilitated by the identifica-
tion of a salient mental state. Since all participants successfully reached mindfulness
states during mandala colouring, such salient states were most likely associated with
memorable less mindful states. As it happened, one such state has been experienced
by most participants as the initial frustration of learning to colour in digitally on
a tablet with the stylus: "I think I’d need to get accustomed to use a tablet, but
the opportunity of me displaying different colours that reflect my brain activity helps
me become more self-aware" (P4). Indeed, the availability of this salient experience
of frustration was particularly useful for facilitating the sense making of the overall
mapped colours, both before and during the workshops: "yours [to P11’s palette,
in Figure 6.6] is a really good example [of evolving towards a mindful state], where
actually getting those kind of paler colours. I have [P10’s, in Figure 6.6] quite a
dark red plus poppy red and a scarlet red [as it took me longer to let go the initial
frustration]" (P10). As most of the generated colours were muted, the most salient
ones were the colours with high saturation and brightness. Another way to make sense
of the complete palette was during reflection-in-action, when participants identified
such salient colours and attempted to link them to mental states experienced during
the mandala colouring: “when you see that your colours become not so bright, then
you can like see you’re doing ok” (P2). As this quote indicates, the increase in the
saturation of the generated colours was instrumental in helping participants linking
them to specific mental states and in particular less mindful ones.
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6.2.2.5 Negotiating the Ambiguity of colours’ Random Appearance
A third strategy of sense-making of the colour palette was by confronting its ambiguity
regarding the random generation of colour. We purposefully designed for this
ambiguity so that it supports a non-judgment stance during mandala colouring:
participants may not easily identify the last generated colour and hence, its mapping to
the current mental state. In this context, the absence of a timeline led to a particularly
challenging temporal ambiguity: “because it was more random, I was more focused on
the mandala [colouring] rather than on the colours coming up” (P9). This was also
supported by findings from the video analysis, which revealed that participants only
shifted their attention to the palette when they wanted a new colour after they had
completed the colouring of a full layer of mandala’s geometry, rather than when colours
appeared on the palette. Yet, they spent very little time selecting the next colour. This
is an important outcome, confirming that the open monitoring of mindfulness states
on the peripheral display through adaptively generated colours has been sufficiently
subtle to not distract attention away from the main task of mandala colouring: “when
I finished with one colour I looked again and saw if new colours had appeared” (P7),
“I didn’t notice that they changed” (P2). This outcome is important as it confirms
the value of peripheral interaction for the design of mindfulness technologies, and in
particular for open monitoring.
This extends the current approaches [129, 141] by enabling passive awareness
of one’s mental states via a near periphery interface providing subtle notifications
through ambiguous EEG-based colour mapping. Furthermore, participants handled
this ambiguity in their use of Anima for reflection-on-action: “you can see when I
started doing it they [the generated colours] were bad [less mindful, stronger], but later I
could see they [the generated colours] were getting better [more mindful, muted]” (P10).
Moreover, by zooming out and looking for patterns in their palettes, participants
reflected on their overall session. This is an interesting outcome indicating that
temporal ambiguity in this context outweights the difficulties of understanding the
colour mapping, although previous work has framed ambiguity mostly with respect
to real-time visual mapping [227].
6.2.2.6 Opportunities and Challenges of using a Peripheral Interface for
the Open Monitoring during Mandala colouring
In this section, we describe the outcomes of participants’ engagement with Anima
and their suggestions for the design of novel technologies for mindfulness training.
We further describe the decoupling of mindfulness training for focused attention from
that of open monitoring, as well as the mapping of brain activity onto colours to
represent mindfulness states.
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Figure 6.6: Proposed interface designs being: linear colour evolution (P5), outward-
growing spiral (P6), radiating colours (P10).
Colour Variation: Saturation, Brightness and Hue. In the workshops, participants
provided rich input into the materialisation of mindfulness states on the colour palette
exploring both what states can be materialised, and through what colours’ properties
(e.g. hue, saturation, brightness). Participants also indicated the desire for less
similar colours generated on the palette, and preference to select both muted and
bright colours: “with a dark side, and a light side” (P12). Unlike muted colours
which both materialise and help regulate mindfulness states, bright ones support
materialisation of fewer mindfulness states. They can also support self-expression
for infusing aesthetic qualities in mandala colouring not only for people interested
in artistic purpose, but also for those interested in mindfulness practice. Indeed, the
latter would use bright colours to provide accents among layers needed for contrasting
the predominantly muted colours. All participants expressed a strong interest in the
palette and its metaphor: “it feels like you are using a paint box. It feels better
than just using a tablet” (P9). Because the colours were provided on a wooden
palette (Figure 6.6, left), five participants enacted striking interactions resembling
the use of a painting brush by tapping for instance several times on the colour as it
would load more material and increase its intensity: “applying more pressure to create
different tones” (P4). This suggests the value of extending Anima with additional art
materials with tactile properties such as digital brushes and watercolours to enhance
participants’ potential for self-expression.
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Colours’ Generation: Frequency and Rationale. Another theme highlighted in
the workshops was the colour generation process. If temporal ambiguity relates to
the random order of generated colour whose chronology cannot be inferred from the
palette, this topic concerns the frequency of the colour generation. Although eight
participants enjoyed the provided time-based design, ten participants suggested three
new approaches. First is colouring-based generation of colours, suggested by seven
participants along the line that colours should be generated at a higher frequency
at the start of colouring session: "at the beginning, [the palette could] suggest more
colours, then towards the end maybe just one or two, the final colour" (P5) or after
the completion of a mandala’s layer. Second is a mental state-based generation of
colours, suggested by six participants: "when something happens [in the brain activity]
the colour needs to change, but if I’m stable there’s no need to change" (P2). This
suggestion came with the expected benefit to help people become more aware of mind-
wandering moments, and facilitate bringing attention back to the present moment:
“if you get distracted then colours start appearing more suddenly” (P6). The third is
performance-based generation of colours was, suggested by three participants through
new colours that could represent rewards for accomplishing focused attention goals
such as colouring without mistakes: "if I finish an area in the mandala and I didn’t
go beyond its line [avoiding mistake], more bright colours can appear in the palette"
(P1). This is interesting since bright colours are used to map less mindful states,
suggesting that the focused attention may not be continual throughout the session
but organised according to the mandala’s geometry, allowing thus for brief moments
of relaxation following the completion of a layer.
Session Monitoring: Organization of Generated colours. The way in which the
unfolding mental states should be openly monitored to better support mindfulness
training was also discussed during the sessions. Findings indicate that through their
exploration of Anima, participants were challenged by the temporal ambiguity of the
generated colours that were randomly placed on the palette. Five participants revised
the random choice entirely by suggesting a transparent chronological placement of the
generated colours. In turn, this would facilitate a more explicit open monitoring of
attention (new interfaces’ design suggestions are shown in Figure 6.6): "a timely
pattern, so we can see how our brain is functioning" (P8). This suggestion would not
only support reflection-on-action but also in-action by providing a less ambiguous
real-time mapping. While Anima offers representations of current mental states,
participants also looked into representations of their targeted deeper mindfulness
states. This would leverage gamification principles by identifying both the desirable
deeper mindfulness states as rewards, and the less mindful ones as penalties, as part
of their initial choice of seed colours: “So you’re playing a game with yourself, you’re
challenging yourself ” (P10), or “you have to earn that [original seed] colour, rather
than be presented with it at the start” (P11).
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This suggestion, advanced by four participants, is interesting as it would also make
the open monitoring more explicit. However, explicit monitoring of the mindfulness
practice was considered more problematic by three participants. They were concerned
about its risks towards non-judgemental acceptance, a key tenet of mindfulness
practice: “It would freak you out wouldn’t it?” (P12 to P11). This position is also
supported by the tradition of mandala colouring as mindfulness practice with no
attachment to an end goal (Daudén Roquet Sas, 2019; Fincher, 2000; Zhu et al.,
2017). Although these participants appreciated the current design choice to provide
a subtle open monitoring: “because it was more random, I was more focused on the
mandala rather than on the colours coming up [. . . ] seeing a pattern maybe you sort
of start thinking about why is this pattern coming up” (P9), they agreed that rewards
could be valuable only if administered in a subtle way to not distract from the mandala
colouring.
6.3 Discussion
In this section, we revisit the initial research questions and discuss the value of our
findings both within and beyond the practice of mandala colouring. Despite this
study being an initial exploration of Anima, and future work will investigate its
value in the wild, the outcomes contribute to the field of HCI and, in particular,
the design of novel mindfulness technologies. We further elaborate how metaphorical
representations of brain activity can benefit from representational and temporal
ambiguity to facilitate mindfulness training. Such design implications can be extended
to the design of peripheral visual feedback to support a subtle real-time feedback
during focused attention practices, which also supports the more advanced practice
of open monitoring.
6.3.1 Metaphorical Representations of Mindfulness States
One of our research questions focused on how to design metaphorical representations
of mindfulness states that are both recognisable and open for interpretation. Findings
indicate the importance of evocative balance [116] irrespective of one’s motivation for
mandala colouring, but in particular for its use as a mindfulness practice for emotional
well-being. However, if previous work has framed such ambiguity mostly with respect
to visual metaphors of discrete bodily states through different colours and shapes
[227], or what we would call representational ambiguity, our outcomes extend this
to include also temporal ambiguity. We define the latter as the concealment of the
chronological occurrence of the mindfulness, or broadly bodily, states for instance
through the random placement on the palette of their metaphorical representations.
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6.3.1.1 Facilitating Mindfulness Training through Representational and
Temporal Ambiguity
With respect to the representational ambiguity, findings suggest that the use of colour
saturation and brightness to metaphorically represent mindfulness states, rather than
merely hue, has supported participants’ intuitive understanding, thus striking the
right evocative balance. This extends the current work on colour-based metaphors
of emotional states which have leveraged mostly discrete colours and their hue [108,
177, 181] for expressing rather than regulating emotions.
During mandala colouring, the painter palette adaptively generated muted (about
two thirds) and high saturated, bright colours (about one third). During colouring,
when most participants experienced mindful states, the former was selected more
indicating the ability of these colours to communicate such states. Participants also
highlighted colours’ potential value to further regulate them and therefore to subtly
support the training of focused attention. Interestingly, the more saturated, brighter
colours were also used by all participants, albeit predominantly for aesthetic purposes
to support self-expression and occasionally even by participants interested in mandala
colouring for mindfulness benefits. They used such colours mostly for small touches
among the mandala’s layers. Our outcomes indicate the value of leveraging a broader
range of colours’ properties for exploring representational ambiguity of their evocative
balance, both for mindfulness and art purposes, which in turn has the potential to
increase the expressiveness of the metaphorical representations.
The value of temporal ambiguity comes into play in the case of monitoring the
training of focused attention on the peripheral display which is in fact desirable,
becoming a quality of peripheral interaction. This flexible use of temporal ambiguity
in the design for reflection on bodily states has been limitedly explored before, with the
exception of recent studies [276] on temporal unfolding of physiological arousal. The
temporal aspect of evocative balance is particularly important in real-time monitoring
of mindfulness states, but less so on later monitoring. This can be extended to
the design of peripheral visual feedback for other types of technologies monitoring
mindfulness training on a main display, for which we can imagine wristbands on which
real-time visuals may appear in random order as subtle indication of one’s mindfulness
state, or as colours on embedded in environmental objects (e.g. backlit mouse pads).
These would go beyond the current predominant focus on immersive experience to




These findings extend previous somaesthetic approaches emphasizing the role of
bodily experiences and their aesthetic appreciation to guide attention inwards [112].
In particular, our findings extend the communicative value of affective data mapped
to visual and haptic feedback to brain activity data mapped to visual feedback whose
exploration allowed our participants to engage in sense making, a process through
which the EGG-based biodata become meaningfully rich somadata [2].
6.3.2 Making-Sense of Ambiguous colour-based Metaphorical
Representations
Through the second research question, we explored how people made sense of the
metaphorical representations of their mindfulness states. The findings highlight how
people made sense of the metaphorical representations through the open exploration
of their evocative balance that occurred, not during the colouring session, but after
its completion. Limited HCI work has explored in detail the specific approaches that
people take to make sense of such representations, which we argue are important if we
want to better support them. Our outcomes provide fresh insights into how the sense-
making evolves and its emerging strategies consisting of identifying either a salient
mental state, or a salient colour, and link them to their counterpart mapped colour
and mapped mental state, respectively.
This allows a causal connection between the two, enabling the understanding of
how Anima works and how, in the light of their new understanding, people may
improve their mandala colouring as mindfulness practice. While the representational
ambiguity was successfully balanced, allowing for intuitive differentiation of mind-
fulness states from less mindful ones based on colour saturation and brightness, the
temporal ambiguity was particularly problematic for the reflection on the focused
attention practice. This suggests the value of enabling both a random colour
generation during the use of the palette as a peripheral display, and the chronologically
reorganization of the generated colours for reflection-on-action.
6.3.2.1 Preferring Reflection “on” rather than “in” Action
Although Anima could support monitoring both during, and after the mandala
colouring session, an important outcome is participants’ strong preference for its latter
use which –unlike reflection during the practice- was considered key for not distracting
from the practice and for not judgementally hindering it. Reflection-on-action requires
complete and temporally non-ambiguous representations of mindfulness states as they
occurred during an entire session; alongside more informative, event- rather than time-
based colour generation triggered by changes in mindfulness states such as loss of focus
or brief moments of relaxation following the completion of a mandala’s layer.
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Our outcomes provide a more nuanced understanding of the value of mandala
colouring for reflection on one’s experience [87], and extend findings on reflection-on-
action for increased appreciation or positive interpretation of one’s experiences [50,
123, 254]. Indeed, findings suggest benefits of “after” or “on” monitoring of mandala
colouring practice, such as understanding the overall focused attention and how it
may compare to one’s other sessions or even other participants’ sessions.
In contrast, the benefits of monitoring “during” or “in” attention focused training
through mandala colouring are more nuanced requiring future exploration. For
example, future work may look into if and how the peripheral generation of colours
may impact on the training of focused attention, supporting for instance self-
regulation by seeing, selecting and colouring with muted colours [167].
6.3.3 Decoupling the Main Focus of Attention from Open
Monitoring
With respect to the third research question of decoupling the mindfulness training, a
significant outcome was Anima’s flexibility to support two distinct goals: the training
of focused attention and the open monitoring. Thus, the digital canvas supported
predominantly the focused attention training through the mandala colouring; while
the painter palette supported the open monitoring of attention. Our outcomes suggest
the benefit of decoupling the two activities on separate displays, so that the colouring
mandala remains the focal activity, while its open monitoring becomes a secondary
one, supported on the peripheral display. With respect to open monitoring, however,
an important outcome is the tension regarding when it is best to occur: during or after
the practice of focused attention, and the subsequent change of the palette’s role from
peripheral to focal display during the reflection-on-action. Peripheral Interaction for
Real-Time Open Monitoring Findings indicate Anima’s flexible use of the palette for
real-time monitoring as well as for historic open monitoring. On the one hand, the
painter palette is a peripheral display during attention training and thus a real-time
open monitoring device, demanding ambiguous representation to prevent judgment.
On the other hand, it is also a focal display for open monitoring after the mindfulness
training session has been completed, which demands less ambiguity to facilitate
interpretation.
The value of peripheral displays in HCI has been discussed mostly in terms of
limiting the distraction of its content on the main task [129, 176], or for supporting
unconscious persuasion like in the case of public displays leading people to use stairs
[221]. This body of work found that interfaces placed in the near periphery [129]
that use dynamic design elements such as intensity or rhythm [199] provide passive
awareness i.e. without distracting the primary focal task. Seldom, however, such
work has focused on strongly inter-related tasks.
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6.4. Summary
We argue that this decoupling of displays with the use of near periphery for real-
time monitoring of the activity on the main display is an important design principle
that can be beneficial for mindfulness technologies, in particular, by providing a subtle
monitoring of the main task using ambiguous mapping in an interface in the near
periphery, e.g. colour-based representations of mental states. This could also inform
the design of technologies to support meta-awareness in everyday activities, i.e. time
management, screen time, and physical movement.
6.4 Summary
This chapter details the perceptions and experiences of using Anima from 12 people
that regularly engage with mandala colouring. It highlights the way in which
motivations for practising mandala colouring can inform the way the mandala
is coloured, and outlines a number of specific design recommendations that the
HCI community can further develop and evaluate (building on prior discussion on
main components and challenges of this practice in chapters 4 and 5): designing
for reflection in-action and reflection on-action to facilitate the transfer of skills
onto everyday life, negotiating the temporal and representational ambiguity of
the metaphorical mappings of mindfulness states, and decoupling the two main
processes of mindfulness training (i.e. maintaining a focus of attention, e.g. on
the mandala, and monitoring the mindfulness states, e.g. bring the attention back
when the mind wanders) onto two different interfaces. Specifically, uncovering
the value of colours’ spatio-temporal appearance for understanding metaphorical
representations of mindfulness states; and the value of decoupling mindfulness training
and monitoring, through ambiguous representations on the peripheral display and less
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Focused attention meditation is a mind-body practice that relies on the regulation of
attention to support the non-judgemental awareness of the ongoing present experience;
both internal such as sensations, thoughts or feelings, and external to limit mind-
wandering and enabling being mindful [80, 81, 137]. The importance of attending
to bodily sensations has been long acknowledged in meditation and more broadly
in mind-body practices [81, 97, 103, 271] to facilitate the regulation of emotions or
attention [179]. Nevertheless, the skill of regulating attention during meditation is
difficult to master.
This chapter explores the FAM practice of sitting meditation with an internal
object of attention and, more specifically, the role of the human body when engaging
with it. The two studies presented build on each other and intend to provide an in-
depth understanding of the current approaches with and without technology for sitting
meditation. Furthermore, they contribute The first study (section 7.2) consists on an
auto-ethnographic and expert evaluation study of 16 most popular iPhone mindfulness
apps in the UK. The second study (section 7.3) reports on participatory workshops
with 24 experts in different meditation traditions exploring the bodily sensations
that emerge during meditation, following a research through design approach. For
each study, the opportunities for HCI researchers to design novel systems for sitting
meditation that leverage the felt experience of meditation and its associated physical
sensations are discussed.
7.2 Review of Mindfulness Meditation Apps
Mindfulness has been defined as the awareness that arises through paying attention
on purpose, in the present moment without judgement [137]. While this practice
has shown significant benefits for health and well-being, and especially for stress
reduction and depression [40, 15], the term mindfulness usually covers a family of
self-regulation techniques e.g. sitting meditation, movement meditation (yoga or tai-
chi), or breathing and visualisation exercises. A landmark work for categorising such
techniques has been proposed by Nash and Newberg based on neuroscience findings
[189].
The prevailing interest on mindfulness and the accessibility of mobile applications
in daily life has increased the amount of commercial mindfulness-based applications
(MBAs). Recent findings indicate their effectiveness on stress reduction [46, 54], and
improving well-being [119]. For example, a recent evaluation of MBAs has shown that
only 4% provide mindfulness training, while the majority mostly offer time reminders
for meditation [174].
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This work however only explores the general qualities of MBAs (i.e. user interface,
functionalities) providing limited insights into their design informed by mindfulness
meditation literature. HCI scholars have also developed interactive technologies to
support mindfulness training. Findings indicate the value of integrating wearables
[230] and virtual reality [247, 284] in enhancing self-awareness and self-regulation
of attention, which are two of the main processes involved in mindfulness meditation
[229]. Thus despite mindfulness-based applications create new opportunities to target
wider audiences and to expand their contexts of use, an outstanding challenge is
understanding their underpinning techniques and design guidelines for more efficient
mindfulness training and compelling user experience.
This study draws from HCI and commercial work on mindfulness and MBAs,
which have the potential of offering alternative delivery medium and of fostering
adoption of meditation practice in everyday life. There has been however limited
investigation of the specific meditation techniques addressed in MBAs, which limits
our understanding of their effectiveness. To address this gap, this section explores
the meditation techniques underpinning the most popular iPhone MBAs in the UK.
Although these apps represent a small portion over all MBAs available, our work aims
to encourage a more nuanced discourse of MBAs and their relative effectiveness. With
findings from an auto-ethnographic and expert evaluation of the apps, I then discuss
implications for design [234] including bodily aspects to mindfulness meditation and
a call for developing a framework for evaluating MBAs.
7.2.1 Research Method
The apps were identified by performing a search of free mindfulness-based meditation
applications on the UK iTunes app store. The search included keywords such
as mindfulness, meditation, mindful, and well-being. From the 280 apps initially
identified, only the ones mentioned in the Health and Fitness category were retained.
From these,those with more than 100 ratings in the iTunes app store were selected,
and an average rating higher than 3 on a 5 point scale. With the exception of
Meditation Timer and 3 Minute Mindfulness apps, the other 14 apps are also available
for Android OS. The final 16 apps (Table 7.1) were evaluated through both an auto-
ethnographic approach and expert evaluation study. For the former, all apps have
been used by the first author on an iPhone 6S for at least 30 minutes including
several meditation sessions in a real-world setting. For the expert evaluation, the
Nielsen’s heuristics and MARS scale [256] were used first. However, given that the
findings were quite generic focusing mostly on the usability of the interface rather
than on the training content, I employed the meditation taxonomy proposed by Nash
and Newberg [189] grounded in neural correlates of different techniques [270] and their
underlying mechanisms [26].
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7.2. Review of Mindfulness Meditation Apps
Figure 7.2: This graph indicates that most MBAs train sitting voice-guided meditation
with the eyes closed (Table 7.1). Only two apps focus on sound and two support an
internal verbal process, while the rest are silent target the attention to the body
experiences.
The key dimensions of this taxonomy include: specific cognitive strategies (i.e.
focused attention, concentration); object(s) of attention (i.e., conceptual and/or
physical foci); description of required beliefs; as well as bodily aspects such as eyes are
closed or open during meditation; the process is static (stationary but not necessarily
immobile) or kinetic (prescribed movements); a specific body poster is suggested;
recommendations for breathing; meditation is silent or auditory, which includes inner
speech; the process is intrinsic (self-reliant) or extrinsic (dependent on an outside
person or process).
7.2.2 Findings
Findings indicate that there is a lack of diversity on the techniques offered by MBAs
(Figure 7.2), as well as in the context they are employed.
7.2.2.1 Two Main Classes of MBA
An important finding is the prevalence of MBAs supporting guided meditation echoing
[174]. Furthermore, such apps focus on extrinsic and static processes, leveraging audio
output. In contrast, only a small number of apps were identified that relied on intrinsic
processes with limited external stimuli (such as Insight Timer, Meditation Timer, and
Tide apps). In these cases, the user had no audio guidance but merely a bell sound
announcing the start and end of the meditation session. This outcome is surprising,
as consistent findings have shown the effectiveness of intrinsic processes in meditation
practice [16], indicating a less explored design space.
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7.2.2.2 Bodily Aspects of Mindfulness Meditation
With a few exceptions (Insight Timer, Digipill, Meditation Timer and Tide app), the
majority of apps ask users to focus their attention on their body (Figure 7.2). In
particular, guided meditation apps commonly start with breathing exercises in which
users have to focus on feeling how “the air enters the lungs and expands the belly”.
Calm and 10% Happier apps use a technique for sustaining attention by counting
the breaths, i.e. noting. Other cognitive strategies often prescribed were passive
observation and conscious awareness, as shown in the third column of Table 7.2. For
instance, Headspace app asks to "do not worry about achieving anything, just sit back
and enjoy being present in the world". Four apps (Mindfulness Daily, 10% Happier,
Simple Habit, and Pacifica) let the user choose whether to keep the eyes open, but
the general recommendation is to keep them closed. While visualisation, compassion
and imagination are less employed approaches, when used they also focused on the
body feeling experienced during meditation.
7.2.2.3 The Context of Mindfulness Meditation
The majority of the identified applications recommend meditating daily for about 10
minutes, in a quiet place while sitting still and comfortably on a chair or cushion (as
shown in Table 7.2). Relax Meditation app specifically suggests to practice always
at the same time in the same calm and private space. While the voice and pace
of the delivery of guided meditation vary across apps, there is a gender balance in
the meditation instructors. With respect to the sound landscape, Calm, Pacifica
and Tide apps provide nature-inspired sounds; Relax with Andrew Johnson app has
music, while Digipill and Breethe apps have white noise. Nonetheless, most MBAs
only have the voice of the teacher guiding the meditation, which allows focusing on
the surrounding sounds and present experiences.
7.2.2.4 Monitoring the Meditation Practice
While a few MBAs allow sharing messages on social media (Headspace, The
Mindfulness apps) about the mindfulness experience, a general understanding of the
meditation practice is less supported. Despite their popularity, the evaluated MBAs
provide limited mindfulness education. The only exception is Headspace app, which
supplies video infographics to explain mindfulness concepts in simple terms such as
“watching thoughts pass by, without attaching to them”.
98
7.2. Review of Mindfulness Meditation Apps
In addition, the effectiveness of each meditation experience is also difficult to
evaluate with MBAs. During meditation sessions, they give general messages such as
“when your mind wanders, bring it back gently”, instead of feedback based on one’s
performance. Moreover, MBAs do not provide tools to measure the performance
neither during meditation nor afterwards.
7.2.3 Discussion
7.2.3.1 Beyond Guided Meditation: Supporting Intrinsic Processes
Findings from Study 4 indicate the prevalence of MBAs for guided meditation, which
is a less effective technique in terms of health benefits as it supports relaxation rather
than mindfulness per se [16]. Designing for intrinsic processes is withal difficult, and
mobile technologies with their audio or visual output may pose more challenges for
supporting them. This offers up an exciting new design space for undesigning [204]
for intrinsic processes, arguably by leveraging other technologies such as tangible
interfaces.
7.2.3.2 New Tangible Interfaces for Supporting Bodily Aspects
While the body plays an important role in mindfulness meditation by being the
object of attention, it tends to be limitedly accounting for in interface design and
UX. Traditional meditation techniques often employ tools such as baoding meditation
balls or the Tibetan wheel for supporting slow and continuous movements fostering
mindfulness state. Yet all evaluated MBAs involve static rather than kinetic processes.
To address this limitation, we can think of new design opportunities such as novel
tangible interfaces augmenting MBAs to support movement. Bodily aspects have
been also suggested important in supporting well-being during grief [231].
7.2.3.3 Developing Guidelines to Evaluate MBAs’ Effectiveness
A striking finding was that only Headspace app was evidence-based [119], with no
reference to the evaluation of health benefits for the other MBAs. I argue for the
importance of developing a framework for evaluating the effectiveness of such apps,
so that users can make informed choices based on their effectiveness. This can inform
policy makers such as current efforts of the UK National Institute for health and Care
Excellence (NICE) for developing an evidence-based system for evaluating health
apps.
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Figure 7.3: Three objects created in workshops to materialise the lived experience
of meditation using distinct embodied and material metaphors: (left) “The Healing
Journey” by P5, (center) “Mandala” by P19, (right) “Meditation” by P12.
7.3 Participatory Workshops Exploring the Role of
the Human Body during Sitting Meditation
This section reports on 10 workshops exploring the way in which experts in different
meditation traditions perceive their meditation experience, paying particular attention
to their bodily sensations. In particular, the aims were to identify:
The key stages that may occur during meditation and whether they have specific
bodily sensations.
In what way could these bodily sensations inform the design of novel technologies to
better support meditation.
The opportunities and risks of using technology to facilitate meditation.
7.3.1 Research Method
Each workshop lasted around 2 hours and was conducted in a group setting, with
2 to 5 participants at the time. The workshops followed a research through design
methodology [297], particularly inspired by Andersen’s Magic Machines [7, 6, 32]
which facilitates the expression of personal experiences through an embodied process
of making. It has been previously used to explore abstract concepts with experts,
often external e.g. creating novel sounds with musicians, designing innovative spatial
interventions to contribute to vocational education with architects [7]. The aim of the
workshops was to explore bodily sensations during meditation as internal rather than
external concepts by reflecting on the qualities of the materials that were provided
for them.
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Figure 7.4: Illustration of the materials used in the workshops to elicit tactile
experiences.
7.3.1.1 Participants
Through purposive sampling, invitations were sent to different meditation centers in
our local area to recruit participants, who got in touch with the authors by email.
A subsequent snowball sampling emerged, with other experts in meditation being
referred by previous participants. A total of 24 meditation experts (18 identified as
women, 6 as men) with different meditation backgrounds, nationalities and ages (48
years old on average, SD = 15, with 4 participants being over 65 years old) participated
in the workshops. The average meditation time-span is 12 years, ranging from 2 to 37
years; and the least participants practised meditation was 3 times a week, with most
participants practicing daily for 10 to 60 minutes. Participation was incentivised with
an equivalent of a $20.
7.3.1.2 Workshops’ Protocol
We now describe the protocol of the workshops as well as data collection and analysis
methods. Workshops consisted of four parts further described.
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Part 1. Introducing the Design Space. At the beginning of each workshop, we
asked participants to reflect and draw on a blank card their “bodily sensations during
meditation, paying careful attention to the difference between when they are being
mindful and when their mind wanders”. The goal of this task was to provide an
inviting introduction to the design space and set the workshop scene, which is used
as a prompt [7, 32].
Part 2. Crafting Material Speculations. Drawing from Andersen’s Magic Machines
methodology [7, 32], participants were asked to individually build a magic machine:
“magic, in this context, refers to the desired, not-yet-understood ability of future
technology, and machine to its embodiment and physical interface to the human
user” [p35, [7]]. In particular, they were asked to create a physical artefact with
imaginary functionalities that addresses their initial reflection on their evolving
physical sensations during meditation.
Participants are provided with common non-technological, affordable everyday
materials with the aim of encouraging an open and playful experimentation, e.g. by
taking them apart and envisioning a novel set of functionalities [7]. We carefully
chose a set of materials (Figure 7.4) meeting the following two criteria, after we
experimented with their experiential qualities [95, 140]. First, we included what we
called “structural” materials allowing the construction of the magic machine such as
plain card-boards, paper plates and cups, strings, and elastic bands; as well as tape,
scissors, and a hot glue gun.
Second, we provided a curated selection of materials to facilitate the focus on
bodily, tactile experiences [126, 133]. In particular, we aimed to foster haptic
experimentation [170] involving variation in knismesis (i.e. tickling sensation),
pressure and temperature. For knismesis we included materials such as wool, feathers
or bowls with grains of different sises; for pressure we used clothespins or straps; and
for temperature pebbles and paper straws. Howbeit, most materials did not fall under
a single category. Then, the created objects become speculative artifacts though which
“alternative stories emerge that operate in the space between rationality and reality”
[p3, [286]].
Part 3. Presentation to the Group. Once all participants finished crafting, they
presented their creation in front of the group: “can you tell us the name of your
machine, and show us how it works?”. This is a sudden and unexpected task, hence,
driven by intuition and improvisation, a sense of on-the-spot reasoning over their
magic machine emerges during the descriptions [6, 79]. The presentations become
performative as participants were required to rehearse the use of their machine
whilst describing it. The goal of this task was to perform a cognitive walk-through,
during which the other participants are encouraged to ask questions together with the
workshop facilitator.
102
7.3. Participatory Workshops Exploring the Role of the Human Body during Sitting
Meditation
Participants were asked about the functionalities of their magic machine with
questions such as: “How is it switched on and off?; What materials is it made of?;
When, where and with whom should it be used?”; the interaction qualities: “How do
you interact with the magic machine during meditation?; What interaction qualities
of each of the materials used have?”; and the meditation experience: “What is the
person’s posture (e.g. sitting, laying down) while using the object?; Are the eyes
open or closed?; Does the object recreate any bodily sensations that arise during
meditations?; Do these arise on any particular part of your body? This generated a
conversation around what had been presented by the participant without judgement or
evaluation attitudes, but with a focus on deepening the understanding of the concepts
underpinning the magic machine.
Part 4. Personal Semi-structured Interviews. The aim of the semi-structured
interviews was to explore the lived experience of meditation, as well as opportunities
for technology to facilitate its training. Therefore, the initial set of questions revolved
around the qualities of their meditation method [189] including questions about their
preferred style of meditation, if any (e.g. Buddhist, Vipassana), as well as their body
posture (e.g. open/closed eyes, posture while sitting, control of breathing). Secondly,
we enquired about what kind of additional guidance they would find most useful
during meditation. In particular, each interview included questions about when and
how to provide feedback during meditation (e.g. continuously or based on events
such as becoming mindful or during mind wandering moments). Finally, interviews
included questions about participants’ vision of the potential use of technology to
facilitate the training of meditation, from traditional commercial apps to novel
interactive systems. For example, we asked about their preferred level of interactivity
(e.g. from passive audio tracks to real-time biofeedback-based feedback), the context
of use (e.g. novices/experts, individual/group setting, public/private location), and
possible limitations.
7.3.1.3 Data Collection
For each workshop, participants were gathered in a quiet room with a large central
table where the workshop materials were placed (Figure 7.4). Only the group
discussion and individual interviews were recorded on video, with participants consent.
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7.3.1.4 Data Analysis
All qualitative data was anonymised and conversations were transcribed and coded
following a hybrid coding approach [85] using Atlas.ti8 software for qualitative
analysis. The development of the coding scheme was an iterative process involving
both authors, drawing upon a conceptual framework developed from prior work on
meditation (e.g. meditation strategies, stages of meditation) and codes that emerged
from the data (e.g. bodily sensations, embodied and material metaphors).
7.3.2 Findings
7.3.2.1 The Lived Experience of Meditation
The practice of meditation originated in historic contemplative traditions using
different techniques and goals [16]. This diversity was present in our workshops, as
participants had explored and currently practised a range of meditation traditions
such as Buddhist, Zen and Loving-kindness, although not everyone followed a
specific tradition. Regarding their engagement in meditation practice, all participants
acknowledged its benefits for well-being: “it makes me feel better and I can explore
myself and the world around me” (P5), while over half of them also mentioned
spiritual reasons informed by the specific meditation traditions. Nevertheless, despite
having practised for years, all participants acknowledged that meditation can still
be challenging due to intrusive thoughts and mind wandering: “when you start [to
meditate] all sorts of thoughts come into your head and you’d be planning your
shopping list, you’d be thinking about what your kids are doing” (P1). As indicated
by this quote, one of the main challenges is learning to accept the thought process
without engaging with it.
Qualities of Different Meditation Styles
We will now provide an overview of participants’ meditation practices drawing from
Nash et al. meditation taxonomy [189], although we aim to highlight them between
participants rather than to categorise a particular style. Regarding the followed
cognitive strategies marked by distinct neuro-correlates [110, 189, 277], we found
that focused attention was a common approach among all participants. In particular,
we found that most objects of focused attention were physical (14 participants), such
as focusing on their breathing patterns: “stopping everything and just focusing on
the breathing” (P16), and 10 participants on a conceptual foci: “I think of things I’m
grateful for in the journey that I’ve kind of made to get me here at this point” (P4).
Besides focused attention, 13 participants practised memorisation and repetition of a
mantra, which in some cases was also vocalised: “keep repeating [. . . ] ‘I am a peaceful
being or I am a being of peace or I’m a peaceful soul and not anything else’” (P12).
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Figure 7.5: Transition between different meditation stages by P1, with material
metaphors representing their associated physical sensations: the meditation journey is
vertical (string), grounding at the bottom (scrunched up paper), the targeted mindful
stage at the top (light air), becoming mindful by going up (soft wool), and mind
wandering at the bottom (heavy beans).
We found that participants following this cognitive strategy usually meditated as a
spiritual practice.
The role of the body can be also explored from a third-person perspective. Findings
indicate that all participants practised static meditation, in which their body remain
still either sitting (18 participants) or laying down (5 participants). Nevertheless, the
postural position of the hands was important for 8 participants, particularly when
sited: "You sit down with your feet on the floor, fairly back, fairly upright and the
right hand on top of the left hand and the thumbs meet. [. . . ] So it represents body,
speech and really, status of it and it creates that total connection of body, speech
and mind" (P2). As illustrated by this quote, participants found that this posture
facilitates the connection between body and mind.
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With regard to the eyes, most participants did not have a preference although
they usually practised meditation with the eyes closed (20 participants): “I find that
[with my eyes open] I’m either staring at something -which is not very helpful- or I’m
distracted by any movement, so I shut my eyes” (P12). Therefore, most participants
choose to close their eyes to avoid distraction.
Another aid that 16 participants used to practice meditation is audio guidance:
“guided meditation will start [by the teacher] commenting, and then you just keep doing
what that [teacher] says” (P18). Guided meditation is usually led by a teacher, either
in person as stated in the above quote or via audio or video. Whilst some participants
enjoyed having a narrator explaining the dynamics of the meditation processes, others
(8 participants) preferred self-reliant meditation: “I use silence, obviously there are the
natural sounds around and I allow them to be part of the experience” (P3). This quote
is interesting, highlighting the way in which things that occur in the moment outside
the meditation experience, are actually integrated in the meditation experience.
This was particularly stressed by 3 participants describing how they meditate
near the sea and use the tide to guide their experience. These findings suggest that
the restorative power of nature [139] can better support the practice of meditation,
and such power has been recently explored as an audiovisual feedback for technology
mediated meditation [60, 69]. Finally, an important outcome is that patterns of bodily
sensations consistently appeared at specific moments or stages during meditation
experience, despite different meditation methods. Such patterns were particularly
clear during material speculation part, as many participants used the same materials
to materialise similar metaphors, as further detailed in the following section.
7.3.2.2 Meditation as a Sensorial, Staged and Dynamic Journey
Previous work exploring the experience of meditation has acknowledged each medita-
tion session as a journey in which different stages are involved (Figure 7.5): “I start
my journey here [pointing at the scrunched-up paper on the left representing her initial
state] and the little pecks [small wooden clips] are kind of where my mind wanders, so
hiccups along the way, and I’ve deviated I’ve gone off track. But then I have really
positive experiences in my meditation as well where actually it feels all nice and fluffy
and I feel protected, I’m encircled [pointing at the cotton balls encircled by wool]"
(P5, Figure 7.3 left). As illustrated by this quote, our findings confirm previous ones
on meditation session as a dynamic journey [43], but also expand it by describing
different embodied experiential qualities such as vertical and horizontal movement
associated with different meditation stages (Table 7.2).
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For instance, a common metaphor used by 12 participants was the one describing
the connection between meditation stages by using a soft, malleable string: “this
[pointing at wool string that goes through the plate] is the umbilical cord, and [pointing
at the wool around the plate] connects the ones in there [the materials on the plate:
beans as mind-wandering, cotton balls as becoming mindful, paper straws that represent
balance being mindful]” (P19, Figure 7.3 centre).
We now describe, from a bodily perspective and using the objects created during
the workshops, the stages of grounding at the beginning of the meditation sessions,
and of becoming mindful. Moreover, we also further unpack mind-wandering and how
expert meditators approach the transition from the stage of mind-wandering back to
becoming mindful again.
Grounding: Increasing Body Awareness through Breathing
The first step to start the meditation session consists of a set of actions, commonly
referred to as grounding, aimed to facilitate the subsequent stages, and in particular
the achievement of a mindfulness state [189]. At the beginning of the session, people
tend to feel disconnected from their bodies: “[at the beginning] would be like fiddly.
And then [. . . ] I would actually be more aware of them [hands and legs]” (P6). As
described here, the process of grounding allows meditators to ensure the mind-body
connection.
Participants explained that there are two key elements during the grounding stage
that are very much interrelated: body posture and breathing control. In order to slow
down the mind, all participants start their sessions by focusing on their breathing:
“kind of diaphragmatic one, imagining with an image of a balloon. So as the balloon
comes in, it inflates and deflates - that’s your breath. So your mind just focuses on
that sensation” (P2). As described by the previous quote, breathing tends to be slow,
controlled and located on the belly: “hands are on your belly, feel the rise and fall
of your belly” (P4). This type of breathing is common in most meditation traditions
and is used at the beginning of the session to elicit the relaxation response [226], a
physiological ability to slow down the body and the mind by increasing blood flow
to the brain. This process is also supported by relaxing specific parts of the body,
particularly those in which tension is held but usually overlooked: “a lot of people
have tension here in their necks, but also in their mouth and we don’t notice it. But
then when, in the beginning, it happened all the time. [. . . ] we keep all our tension in
mind, in our mouth, just relax your tongue” (P1). Most participants (20) expressed
the importance of bringing attention to the shoulders by bringing them down, jaw by
relaxing the tong at the bottom of the mouth, and the breath within the lower part
of the belly.
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To conclude, the pattern of moving downwards both mentally and physically
has emerged during this initial grounding stage of meditation session: “my body is
definitely different. It feels as if it’s sinking down, but in a good way” (P5). This is
an interesting concept that can be used as a design input to facilitate grounding.
Becoming Mindful: Soft, Warm and Balanced
After grounding, the next meditation stage is becoming mindful by using specific
methods such as: “body sensations, emotions, cognition, spirit, divinity. They’re just
starting to flow instead of it all being blocked” (P19). As stated by this quote, in
this stage the mind-body connection is deeply established and body perception is
enhanced: “it comes back to that tangible feeling of all of those thoughts” (P4). As
described previously, participants followed distinct meditation techniques. However,
we found that the body sensations that emerged from this stage were similar for most
participants, irrespective of their meditation tradition. Another important outcome
is that in contrast to the grounding stage, most participants (22) expressed the
experience of becoming mindful as moving upwards: “as you meditate, you travel.
[. . . ] And as you go higher and higher [. . . ] all your thoughts are sort of slowing
down” (P8). As this occurs, all participants described a general feeling of softness:
“you then move up to more relaxed, softer state” (P2); a tingling sensation on top of
the head (16 participants): “like a current of positivity [. . . ] starts in the head” (P21);
and a warm feeling in the belly (18 participants): “my belly feeling really comfortable
and warm and calm” (P6).
Furthermore, all participants expressed how one of the main goals of practicing
meditation is achieving a mindfulness state. However, it appears that the physical
sensations of the process of becoming mindful are very different from the ones when
the mindfulness state has been reached: “when you go up there [mindfulness state], you
feel like your body, part by part, is detaching and you become something bodiless” (P9).
In that moment, the concept of balance emerges: “you’re not sinking [. . . ] perfectly
balanced right onto it” (P4); both physically and mentally: “a state of balance of left-
right brain, mind-heart-body” (P19). Therefore, despite the important role that the
body plays in the process of becoming mindful, the bodily sensations also quiet down
when the mindfulness state is achieved. At this stage, body’s role takes second stage
and thoughts front stage. As a result, the interaction with the thoughts, is the most
challenging aspect during this stage: “I used to try and fight the thoughts coming into
my mind. [. . . ] However, the more you let them come in, the more they’ll bang out
again” (P4). As this quote describes, the skill of observing the thoughts and not
engaging with them is challenging to develop, which in turn can easily lead to mind
wandering moments.
108
7.3. Participatory Workshops Exploring the Role of the Human Body during Sitting
Meditation
Mind Wandering: Sharp, Tense and Heavy
The experience of mind-wandering during meditation, has been previously explored
for instance by the landmark work of Petitmengin et al. [203] who employed micro-
phenomenological interviews. In particular, they reported on the way in which body
awareness fades when attention starts drifting. Findings from our workshops confirm
and expand these previous outcomes: “you only know your mind has wandered when
you come back [. . . ] In the moment when your mind has wandered away, you aren’t
aware because your mind is there [with the thoughts]” (P3, Figure 7.6). As described
in this quote, all participants explained how when a thought appears, it takes the
focus of attention and people no longer are in touch with their bodies and bodily
sensations.
It is only when they realise that their attention has drifted by engaging with a
thought that they can actively bring their attention back to the body: “it’s feeling
very, very tense my body and it’s getting cold in different ways” (P5). As described
in this quote, the bodily sensations experienced when awareness is brought back,
after getting distracted, are in sharp contrast to those of becoming mindful. Finally,
most participants identified two different types of thoughts leading to different levels
of mind-wandering. First, there are dismissible thoughts, mostly represented with
rice (8 participants) or small wooden clips (6 participants): “they’re insignificant,
you know, as soon as you’re aware the thought has come, you can get back to your
intense meditation again” (P12). Second there are distracting thoughts, mostly
represented with beans (5 participants), tensed elastics (2 participants) or metal
clips (6 participants): “these are the ones that tend to fully interrupt [mindfulness
state]” (P12). An interesting finding, is that some participants tried to overcome
the dismissible thoughts by imagining and engaging back with a mindful sensation:
“if a thought comes in, then I will go immediately back to a sensation, a physical
sensation” (P3). Whereas with respect to distracting thoughts, these tend to become
a train of thoughts that really disengage the person from the mindfulness state: “when
I get distracted, then here we are again with a few rocks [. . . ] and I breathe in, just
focusing” (P24). As described in this quote, in such cases, the meditators need to go
back to the grounding stage, in order to slow down the thoughts and start becoming
mindful again.
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Figure 7.6: Magic machine by P3 recreating the soft (wool, cotton) and balanced
(aligned sticks) body when being mindful, right before engaging with dismissible
thoughts (rice).
7.3.2.3 Design Concepts for Meditation Technologies
We now discuss different design concepts that emerged during the workshops through
the magic machines, including their experiential qualities, functionalities, as well as
the materialization of, and transition between meditation stages.
Intent: Representing for Experts vs Regulating for Novices
An important outcome is that the objects created during the workshop appear to be of
two distinct types. On the one hand, 11 magic machines represented the meditation
experience aimed to facilitate self-monitoring of attention (Figure 7.6): “instead of
visualizing your own body, you are visualizing an object, therefore, taking the emphasis
away from yourself [. . . ] When you follow these thoughts [rice], the spine [aligned
sticks] starts to lean [and] if you were to come back to the center here [body, focus of
attention], then your spine realigns itself ” (P3). As illustrated by this quote, in this
case, the goal was to materialise one’s experience through an external object which,
in turn, would enhance self-awareness and improve the meditation. Most participants
(17) advised that representing the meditation experience after the practice, instead
of providing feedback in real time, would benefit experts the most: “I think it’s also
useful to know, to relate back to what thought patterns did come up” (P14).
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On the other hand, 13 objects supported regulation of attention by providing
opportunities to achieve the aimed experience of mindfulness state: “it’s like a subtle
reminder [. . . ] it helps you come out of all the other impressions [. . . ] it feels like
someone giving you a hug [. . . ] that feeling of warmth” (P7). As described in this
quote, regulation of attention was fostered by providing subtle physical sensations at
specific moments when the focus of attention is lost. All participants highlighted the
fact that this would be very useful for beginners: “this could really help a beginner,
actually, because they might not even know that their mind has wandered” (P3).
Further, this would also be particularly beneficial for scaffolding the learning process
of recognizing moments of mind wandering, which has been also identified as one of
the main challenges aspects of meditation as described in previous sections.
Form: Tangibles to Encourage Embodied Interactions
During the workshops every participant created a different object to communicate
their lived experience of meditation. These objects had distinct forms such as ambient
installations (Figure 7.3, left); wearables (Figure 7.3, center); and ubiquitous displays
(Figure 7.3, right). Interestingly, many participants designed tangible artefacts aimed
to support the meditation when held: “what is transferred to your hands, could be
transferred to whole body” (P2). This outcome is interesting, as in many meditation
traditions, the hands are a key aspect of the practice: starting with the gestures (or
Mudras) to set the intention [260], to the physical sensations that emerge in different
stages of the meditation session.
Tempo: When to Provide vs When Not to Provide Guidance
A striking finding was that although participants found guidance during meditation
important, 20 found the lack of guidance even more essential: “I think it might be
good to let the person’s mind wander for a little while, but then to remind them that
actually your mind has wandered. So therefore they can kind of, they wouldn’t become
that reliant on it [support], all the time [but] they [have to] figure out for themselves
that “my mind has wandered, I need to bring it back”” (P5). As stated by this quote,
despite the affordances of technology for real-time monitoring of one’s performance
and provision of support to bring the attention back when distracted, such affordances
limit participants’ opportunity to practice the ability to recognise mind wandering
moments by themselves.
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All participants agreed that during the grounding stage, continuous personalised
feedback to help relax the body, and to slow down the mind would be beneficial.
This resonates with previous work in HCI supporting people become more aware of
their bodies [112, 263]. However, once the person starts employing their meditation
method and enters the stage of becoming mindful, 22 participants expressed they
would then benefit from a cyclic feedback pattern: “almost on a loop, kind of send
you there, something like waves” (P4). During the moments of guidance, participants
were excited by the potential of technology to provide personalised, targeted support:
“something that tells you, you’re wondering now, come back!” (P3).
Adaptivity: Mindful Sensations when Mind-Wandering
Most participants (18) had introduced technology to their meditation practice in the
past by using smartphone applications. For instance, participants used them to track
aspect of their meditation sessions: “if I’m not using an app or something timed, then
how do I know when it’s ended?” (P5). As stated by this quote, most participants
liked to meditate for a specific amount of time, hence they rely on technology to
provide reminders of when to stop the session. However, not all participants enjoyed
the experience with meditation apps: “I tried Headspace and Calm [smartphone apps
for meditation] and [. . . ] found I didn’t necessarily need that, it was a little bit too
prescribed for me. And I think, I thought of meditation as being a bit more personal
to me” (P4). This indicates that since each meditation session is a different journey,
people may benefit from adaptive support, tailored to the specific meditation stages
they are in.
In order to support the regulation of attention during meditation, most par-
ticipants (20) suggested the value of providing feedback during moments of mind
wandering by recreating mindful bodily sensations: “you have to focus inward [. . . ],
so it’s like wrapping yourself into something” (P17). For instance, they suggested
encouraging an upward movement to support going back to the stage of becoming
mindful, by leveraging touch: “you could use touch, because that would automatically
bring attention to that place [where touch is experienced], warmth in that place” (P3).
Therefore, we can imagine novel haptic feedback to be provided during meditation
that uses subtle qualities of touch (e.g. warmth, pressure) to recreate the personal
mindful bodily sensations.
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Control: Meditation as a Personal Agentic Practice
Importantly, all participants emphasised their agency over their practice, and how
technology should not take this control away by being too evaluative: “technology
could put a layer of pressure, which could make people scared [. . . ] but it might also
help people develop a regular practice” (P3). As stated by this quote, if the users
felt that the technology was over-analyzing their practice, it would actually create
an adverse effect. Participants also described that technology could be positively
integrated into a meditation session: “it works with your body, it’s not imposing
anything” (P2) “Yes [to P1], the machine can’t bring you back [from mind wandering],
you’ll deal with it personally and come back” (P1). This is a more nuanced view on
the affordances of technology with the aim to enhance the meditation practice, as
the main goal is to teach the person to become more aware of their experience by
paying attention to their bodily experiences rather than just providing a continuous
monitoring of and feedback on the performance without teaching how to act upon
it. Finally, with regard to user control and technology, participants voiced ethics
concerns about interactive technologies, particularly in terms of data management:
“my initial reaction would be ‘what’s happening with the rest of the data [biometrics
collected during the session]?’” (P5). Therefore, despite being excited by the potential
of novel biofeedback technologies to facilitate meditation training, most participants
said that they would only use such systems if they were in control of their personal
data and it was not shared with others, unless they chose to. These findings echo
others regarding the ethics of self-tracking technologies, particularly for wellbeing or
health [39, 228, 290].
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7.3.3 Discussion
In this section, we discuss the findings by revisiting the initial research questions
regarding the bodily sensations that emerge in different meditation stages, how these
can inform the design of interactive technologies for meditation, and which novel
opportunities as well as risks should be considered when designing such systems.
This discussion is informed by participants’ lived experiences of meditation and by
previous related literature.
7.3.3.1 Mapping Bodily Experiences to Meditation Stages
Previous work in psychology identified different stages that occur during meditation
[189, 203], such as grounding, following the preferred meditation method to become
mindful, and mind-wandering. Our findings have expanded this body of work
by providing an overview of different bodily sensations and embodied metaphors
associated with each of these stages (summarised in Table 7.2). We argue that this
represents an interesting topic to be further explored, and further detail how our
findings may inform the design of novel interactive technologies for meditation.
Vertical Movement: Becoming Mindful vs Mind-Wandering
During the workshops, participants emphasised how their meditation experience differ
both among individuals, and across time or meditation sessions in terms of how they
transitioned between stages, despite the stages being the same. Interestingly, some
physical sensations and embodied metaphors associated with each meditation stage
were shared. For instance, related to the concept of vertical movement: grounding
was described as a downwards movement, whereas becoming mindful was described
as moving upwards. When realizing that mind-wandering had occurred, people found
themselves as if they had moved lower –and how much lower depended on whether it
was a distracting or dismissible thought.
We find this to be an interesting design input for meditation systems, as regardless
of the feedback implemented in the system, the concept of vertical movement could
be used to facilitate transition between meditation stages with the goal of achieving
a mindfulness state. The introduction of vertical movement to assist the stage
of becoming mindful has been explored in some interactive systems for meditation
through audiovisual feedback in immersive virtual reality [4, 212]. Nevertheless, we
think that this could be enhanced by using haptic feedback recreating the physical
sensations in particular body locations associated with each meditation stage (Table
7.2). For instance, we imagine an adaptive haptic feedback system like a smart
modular necklace that signals distracting mind-wandering moments by rhythmically
heating up its beads from the solar plexus to the collar bone.
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Figure 7.7: In each of the feedback patterns shown (A-D), the horizontal axis
represents the temporal domain of the meditation session, and the vertical the amount
of feedback.
Designing for Balance: Maintaining a Mindfulness State
Once the mindfulness state has been achieved, one of the main challenges is
maintaining it. A concept that was recurrent when participants were explaining the
experience of being mindful was balance, i.e. having your body and mind in balance.
In order to stabilise their body and mind during meditation, participants described
how they focused their attention on an object, usually with their eyes closed to
facilitate bringing the attention inwards. That is, focusing on internal bodily processes
such as breathing. The embodied metaphor of balance has been used before in HCI
to explore, for instance, the concept of social justice through embodied interaction
using an interactive tangible prototype that follows a twin-pan schema [3]. Similarly,
we found that experts in meditation would improve their practice by experiencing
balance (i.e. being mindful) and unbalance (i.e. getting distracted).
Therefore, when starting to become unbalanced, interactive technologies could be
designed to bring the attention back to bodily sensations when balanced (Table 7.2).
In this way, the design would not be mapping the current but the aimed state i.e.
being mindful. For instance, we can imagine the similar modular necklace described
earlier which can provide subtle haptic feedback patterns recreating grounding after
prolonged mind-wandering, or stimulating radiating sensations through gentle tingling
to confirm a prolonged mindfulness state.
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7.3.3.2 Cyclic Feedback Patterns to Support Meditation
Designs of interactive technologies for meditation usually provide real-time feedback
on one’s performance, by continuously mapping physiological signals into creative
audiovisual outputs [59,64]. From our findings, we speculate that such systems could
benefit from introducing cyclic feedback patterns to better support the meditation
practice.
Continuous vs Targeted vs Cyclic Feedback
Traditionally, guided meditation provides a generic cyclic support (i.e. every few
minutes the teacher will say “if your mind wanders, bring it back gently by focusing
your attention back on your breathing” [137]) that is not tailored in real-time to one’s
performance. Novel technologies have facilitated the provision of personalised targeted
feedback in real-time using, for instance, biofeedback (e.g. breathing, heart rate, brain
activity) [263]. This is usually employed to monitor the meditation experience and
provide continuous feedback, e.g. to let the person know when they are becoming
mindful or being distracted. Despite its immediate benefits, over-reliance on such
support may limit the opportunity to also practice the ability of regulating attention
such as becoming aware of mind-wandering and refocusing attention.
We suggest that interactive technologies could draw from traditional guided
meditation practices to provide both moments of guidance and moments without
guidance in a cyclic manner. This comes from our findings on participants reporting
their interest in targeted feedback based on one’s performance, but reluctance about
the continuous real-time mapping as it might be overwhelming and counterproductive
for the meditator. During moments of guidance, nonetheless, the interactive system
could augment traditional practices by providing targeted feedback based on one’s
performance rather than generic, non-interactive feedback.
Designing Cyclic Feedback Patterns for Meditation
Based on the nature of cyclic patterns and our findings, we can imagine how different
feedback examples, such as the ones shown in Figure 5, would benefit the meditation
experience when being used during distinct stages. Pattern A in Figure 5 represents a
continuous feedback provided throughout the meditation session, as most meditation
systems in HCI have been designed for [263]. We suggest this pattern would be
beneficial when integrated into the design of the grounding stage, as it could provide
real-time targeted feedback facilitating users to acquire the correct posture and relax
different parts of the body before the start of meditation session.
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Then, we envision that different patterns would better support different design
goals. For instance, if the target users are novices, a smooth real-time transition
from cycles of providing targeted feedback to cycles with no feedback would be most
beneficial. That could be accomplished with the second pattern (Figure 7.7, Pattern
B), which smoothly transitions between providing feedback to not providing it, similar
to the transitions designed to adjust the level of difficulty or support in reinforcement
learning systems [100]. The third diagram (Figure 7.7, Pattern C), which represents
a way for providing feedback in binary fashion, similar to notifications systems on the
phone [36], could be envisioned as an notification system that is only activated when
the user has drifted completely into mind-wandering. Finally, as the person becomes
more experienced with meditation, the system may start providing the feedback based
on their performance over small windows of time rather than real-time (Figure 7.7,
Pattern D), recreating the cyclic yet generic feedback patterns of traditional guided
meditation. This may, in turn, allow users to be less reliant on the system and better
develop the ability to self-regulate their attention.
Future work could further explore the amount of time needed between moments
of providing feedback, to best support the meditation training. This may also be
adaptive, based on one’s performance: the better and less distracted the person is
doing, the more time between periods of feedback. In the following section we will
discuss how the feedback should be designed in terms of modality in order to best
support the meditation practice in a non-obtrusive way.
Targeted Haptic Feedback from Mindful Body Sensations
Now, the next question would be: how could such targeted feedback be designed?
Most HCI designs rely on ambiguous audiovisual feedback to map one’s current
internal processes related to meditation states into external objects. For example,
the intensity of the light of a candle [4], the sounds of the sea [212], the amount of
leaves on a tree [200]. Nevertheless, we found that mapping one’s performance during
meditation back to the body could be an interesting design concept. Chapter 7 shows
that each meditation session can be framed as consisting of the same stages, and that
each of these stages has been linked to particular bodily sensations (Table 7.2). Based
on our findings, we suggest the exploration of an approach focused on recreating the
physical sensations that occur when becoming mindful, at the critical times when the
process of mind wandering occurs. In that way, the attention is gently brought back
to the path of becoming more mindful rather than getting distracted and ruminate
on the distracting thoughts. We argue for the importance of expanding this growing
body of work by taking these bodily sensations as design inputs for future interactive
systems for meditation. This could be done by relying on haptic feedback, such as




This chapter illustrates the felt experience of sitting meditation in different traditions
with an internal object of attention, and the challenges to scaffold these experiences
with technology. The first study outlines that mindfulness apps focus mostly on
guided meditation practices, with limited support for monitoring intrinsic meditation
processes and measuring the effectiveness of the training. A more nuanced discourse
around such apps concluding with implications for design is proposed; including
new tools for supporting intrinsic meditation processes and bodily kinetic aspects
fostering mindfulness, together with the call for developing guidelines for evaluating
the effectiveness of such applications.
The second study analyses the experience of 24 experts in different meditation
traditions exploring the bodily sensations that emerge during their practise. Through
material speculation, participants emphasised the importance of bodily sensations
during moments of mind wandering using different haptic qualities to support the
regulation of attention. Interestingly, haptics have been limitedly accounted for in
interactive technologies for meditation. The contributions to HCI include new design
insights for designing interactive meditation technologies with a focus on embodiment,
such as supporting the regulation of attention through embodied metaphors, designing
cyclic feedback patterns; and adds to the emerging relevance of haptic interfaces
to explore embodied experiences in interaction design relying on haptic feedback to
recreate mindful bodily sensations. In the next chapter (Chapter 8), the outcomes
presented in this chapter inform the design of WarmMind: a prototype using on-body
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With roots in historical spiritual traditions, the practice of sitting meditation has
also been increasingly used in clinical settings and adopted by general population
because of its significant benefits for physical and mental wellbeing when practised
regularly [40, 81]. Nevertheless, learning to meditate can be challenging as it is
a subjective experience while the traditional guidance is often generic rather than
adaptive or personalized. In this regard, a growing number of technologies have
been designed with the aim of facilitating the practice of meditation, ranging from
consumer applications (as detailed in Chapter 7 [69]) to interactive systems in HCI
[263] (Chapter 2).
The advent of wearable biosensors and actuators has provided opportunities
to push forward research in this space by capturing and communicating bodily
experiences back to users. Yet a key challenge here is mapping bodily experiences
to the interface modality and its content design [2, 227], particularly when designing
meditation technologies where the aim is to support attention regulation. One of the
main reasons is that being mindful and mind-wandering states involved in meditation
training are more difficult to identify when compared to changes in physiological
arousal accompanying, for instance, emotional responses to stress –particularly for
novice meditators. Moreover, the mapping needs to support the awareness of such
physiological responses, whilst also being subtle enough to not distract attention from
the internal object of attention [67, 277]. Thus, it has to strike the right balance
between ambiguity and clarity, so that the mapping is understood without demanding
focus of attention or engendering self-judgement when mind-wandering states are
identified.
A common approach used in interactive systems for meditation is mapping
meditation states captured by electroencephalography (EEG) brain activity data
to visual and aural interfaces [137]. In these systems, meditation states tend to
rely on spatial orientation or sound pitch metaphorical mappings, generally with
being mindful represented as “high” and mind-wandering as “low”. However, the
design of such mappings of bodily experiences to interface modality and content
has been limitedly described, with a few exceptions [230], and limited efforts have
been made to link these mappings to the embodied metaphors underpinning them.
Furthermore, meditation’s bodily experiences are often mapped onto external stimuli
using visual and aural interfaces, and how they could be supported on the body,
for instance through embodied metaphor inspired haptic stimuli [132], have received
less attention. Hence, despite the growing research in biofeedback technologies and
particularly neurofeedback systems for meditation, the field is yet to develop a
theoretically informed framework to support the design of metaphor-based mappings
of physiological data.
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This chapter addresses this gap, by exploring the value of the contemporary theory
of metaphors as one of the possible theories informing such a framework. For our
design exploration, we have purposefully chosen Muse [151, 186], an increasingly
popular commercial brain activity application providing nature-based metaphorical
soundscapes in real-time mapping one’s meditation experience. Moreover, we designed
and implemented WarmMind (Figure 8.2), a research prototype providing counterpart
mappings to Muse’s using thermal patterns on the upper body -drawing from the
outcomes of Chapter 7. As detailed in the following sections, the mapping of
WarmMind’s on-body haptic feedback differs from Muse’s aural feedback in three
important ways: (1) WarmMind targets bodily internal senses by recreating bodily
sensations, namely thermoception or perception of bodily temperature, rather than
using external stimuli e.g. nature-based sounds; (2) it provides discrete, rather than
continuous feedback, and (3) through the mapping is more abstract and ambiguous,
rather than familiar.
8.2 Exploring Embodied Metaphors of Meditation
States
In this section, we describe the preliminary work informing our design rationale to
explore thermoception-based embodied metaphors for meditation states, and their
comparison with counterpart sound-based metaphors. We agree with the view that
identifying appropriate metaphors is not trivial, and can benefit from multiple sources
[120]. For the exploration of interoceptive-based metaphors, we triangulated three
methods which are detailed below: review of HCI work on embodied schemata for
mindfulness technologies (detailed in Chapter 2), work on cognitive linguistics on
metaphors related to meditative practices, and the phenomenology of meditation.
8.2.1 Cognitive Linguistics Research on Meditation Metaphors
The exploration of meditation in cognitive linguistics has looked at corpus of text often
from Buddhism discourse to explore the different embodied metaphors, common ones
being those involving water and movement. Ontological dynamic metaphors include
those of the ocean and its waves, for instance, waterscapes whose stillness relates to
calm mind or being mindful states, and wind-induced waves or agitation which relates
to troubled mind or mind-wandering states [138, 249]. Another common metaphor
is that of meditation is a journey, and the meditator is an observer of one’s body,
thoughts, sensations or feelings [249]. Despite their richness and consistency, these
metaphors capture less the lived experience of meditation, which we briefly review
below.
123
8.2. Exploring Embodied Metaphors of Meditation States
8.2.2 Phenomenology of Lived Experience of Meditation
The lived experience of meditation has been explored mostly in mindfulness research
and more recently in HCI. In novice meditators, Basnett [23] found that their
most common subjective experiences included bodily sensations such as tingles,
light/heaviness, a quarter reported feelings of warm, and two reported awareness
of heart-beats. Another study of meditators’ phenomenological experience explored
across four practices (i.e. breathing, body scan, loving-kindness and observing-
thought) has shown that and meditators across all practices experienced increased
feelings of warmth and interoceptive awareness [149]; particularly in the upper body
such as chest and throat [203].
Recent HCI work also explored the bodily experiences associated with key
meditation states [67, 203]. Findings abound in metaphorical language indicating
that meditation is experienced as a sensorial journey consisting of five key stages with
specific bodily experiences: grounding is downwards movement, becoming mindful is
upwards movement and warmth in the belly, being mindful is being in balance, and
mind-wandering is loss of bodily awareness. Expert meditators suggested the value of
recreating such bodily sensations through downward movement for mind-wandering,
or of upwards movement to facilitate being mindful [67].
The above outcomes complement previous work on the importance of bodily
sensation in meditation [81, 97, 103, 271]. They also provide additional phe-
nomenological evidence for the value of designing interoceptive stimuli to support
bodily awareness, and in particular novices’ bodily awareness through FAM. These
findings also shed light on specific bodily sensations characterising each meditations
stage and the involvement of two interoceptive senses [220], namely breathing
and thermoception [237], alongside metaphors related to movement. Compared
to breathing, thermoception has been less explored in mindfulness technologies,
presenting thus the opportunity to open up this design space.
To conclude, findings on the lived experience of meditation identified metaphors
involving bodily sensations as emphasising warmth and movement, hence more
suitable to be perceived through interoceptive senses such as thermoception (Table
8.1). In contrast, findings on cognitive linguistics indicated metaphors involving
external objects and processes such as water and movement that appear more
representational, hence better suited to be communicated through external senses
such as vision or sound. The identified metaphors from both sources offer an exciting
space for design exploration as they share movement as a process, but also warmth
and water respectively which can be communicated to internal and external senses,
respectively.
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8.2.3 Analysis of Muse: Audio-based Metaphors
In Focused Attention Meditation (FAM) [168], the focus of attention is on an explicit,
clear and unwavering (calm and stable) stimulus such as candlelight, mantra sound,
or one’s breath. If the stimulus is not visual, a common instruction is that meditator’s
eyes are closed to limit potentially distracting external stimulation. Although
the explicit stimulus can be either external or internal, most work on meditation
technologies has focused on external stimuli, commonly images or sounds.
In this section we describe the audio-neurofeedback provided by Muse, emphasising
our analysis of its associated embodied metaphors and image schemata underpinning
them, as well as the sound properties and how they vary among the meditation states.
Muse [186] is a wearable headband monitoring brain activity through 5 cutaneous
channel electrodes which infer real-time meditation states. Previous work has shown
the validity of Muse headband measuring event-related brain potentials [151, 219] and
meditation states [59, 151]. The Muse app provides a continuous forest soundscape
adapting in real-time to the current mental state. It instructs users to focus on
breathing, with their eyes closed while listening to the soundscape. The app identifies
three meditation states: being mindful (when the person is fully focused and relaxed),
mind-wandering (distracted mind when attention is fluctuating), and change from one
to another (moments in which attention is not fluctuating, but there is no deep focus
present). Table 8.1 (top) shows the embodied metaphors for each state, soundscape
descriptions, and associated sound properties we identified.
8.3 DesigningWarmMind: Somaesthetic Exploration
of Warmth-Based Metaphors for Meditation
The design of the WarmMind prototype was intended to extend the design space
of meditation technologies through interoception-based interaction. Albeit, in doing
so, we also wanted to better understand in what fundamental ways such design may
differ from the one for exteroception-based interaction. Hence, our intention to ensure
a comparable design of WarmMind to that of Muse app was also grounded in the
movement-based metaphors underpinning them both. Thermal sensations can be
generated through heat pads which is a novel material for meditation technologies,
both for us as designers and meditators.
125























































































































































8.3. Designing WarmMind: Somaesthetic Exploration of Warmth-Based Metaphors
for Meditation
Given the highly exploratory nature of our work, the emphasis was less on building
an effective meditation aid but rather on better understanding the dimensions and
qualities of designing for thermoception modality. Thus, we allowed ourselves to
experiment, compare, and purposefully stretch some dimensions of the design space
to increase their impact on the meditation experience so that we learn more about
them. Such understanding could then lay the foundation for designing effective
thermoception-based meditation technologies, and interoceptive ones more broadly.
The rationale for this less explored interoceptive sense, whose receptors respond to
temperature changes within one’s body [257], is to better support novice meditators’
focus of attention on the inner experience of meditation and their associated bodily
experiences, rather than on external visual or aural stimuli as most mediation
technologies have explored. This further aligns with the aim to limit unnecessary
stimulation and to allow for the focus of attention on breathing to be sustained,
rather than being distracted by any other stimuli, thermal ones included. This meant
a clear choice from the start for a rather subtle form of neurofeedback, unlike the
continuous one in the Muse app. Thus, we explored discrete feedback, only when the
transition points between the three states are experienced: for instance from being
mindful to change state, or from change to mind-wandering state.
8.3.1 Overview of the WarmMind Prototype
We now describe the WarmMind prototype we developed to better understand the
above metaphors and how they can be instantiated in design. Informed by our
initial metaphor exploration outlined above, the WarmMind prototype is an on-
body interface in the form of a necklace for providing the thermal patterns during
meditation. The necklace has four actuators made of Nichrome wire heating pads
placed on the upper body from the chest to the navel. To account for different body
shapes, each pad was integrated with the necklace with an individual and adjustable
string (> 55cm). To ensure the stability of the placement, pads were attached using
single-use surgical tape. The outer part of the pads was covered with insulating tape
to minimise the heat-transmission impact regardless of clothing (Figure 8.2).
Nichrome wire heating pads are low-power, inexpensive, and malleable material,
which gets warm when powered with a 5VDC. To support experimentation with
the actuators we developed a tangible interface consisting of an Arduino baseboard
microcontroller, 4 MOSFET modules, and 4 LEDs -one for each heating pad-, as well
as a joystick to select, control, and change in real-time the thermal patterns (Figure
8.2). The WarmMind’s baseboard was connected to the researcher’s computer during
each session to be able to manually control the pattern activation (no automatic input)
and to save the preferred temperature of each user. The heat range was calibrated by
modifying the current received by each heating pad via the MOSFETs.
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Figure 8.2: Overview of the WarmMind prototype, including: (i) an adjustable
necklace with 4 Nichrome wire heating pads, (ii) an interface to control the patterns
with a joystick to select the pattern and 4 LEDs to visualize the actuation, and (iii) a
base board with 4 MOSFET modules to control the temperature of each heating pad.
8.3.2 Somadesign Exploration of Movement- and Warmth-
based Metaphors
We employed a somadesign approach [114] to explore our first-person bodily
experiences while interacting with the WarmMind prototype, a design exemplar used
to articulate design knowledge and push the dimensions in this space [234]. This
first-hand exploration was shaped by thermal actuators and our interaction with
them to experience the temporal unfolding of temperature changes on our bodies, our
understanding of thermal patterns, and how they can be better designed for increased
expressiveness and communicative power. This exploration involved a group of 3
researchers (2 female, 1 male) meeting over several weeks to experiment with different
sizes and placements of the heating pads on the body, their temperature intensity,
duration, and pattern orchestration.
8.3.2.1 Integration of Movement- and Warmth-based Metaphors
Movement-based metaphors consistently link being mindful to stillness, and mind-
wandering to movement or agitation [249]. Thus in designing the metaphor for
the mind-wandering state, we started exploring the idea of a property that can
capture chaotic patterns, and such property is rhythm, associated with structured-
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unstructured image schemata [11]. It has been previously explored in tangible
interaction research through metaphors mapping the abstract concept of sound’s
rhythm to movement’s structure [11]. Thus, we decided to explore the metaphor
mind-wandering is chaotic movement. Both upwards and downwards movements are
vertical movements experienced during meditation on the front upper body [67], e.g.
when following the breath moving from the chest down to the belly, and back up
[137]. Thus, we started thinking about the placement of heat actuators on a vertical
line from the chest to the belly.
As a proximal sense, thermoception will be supported through heat actuators
whose placement on the body needs to be carefully considered. To design for the
vertical movement and its physical form, we draw inspiration from the traditional
meditation beads necklaces. Such necklaces consist of 108 beads placed on a string
and are used to help the mind focus on meditation, for example, by repeating a mantra
for each bead [222]. In order to create a vertical movement along a vertical axis of the
front upper body, the necklace would need to consist of at least three collinear beads
(or heat actuators). With the necklace concept in mind, we turned our attention
back to the metaphor mind-wandering is chaotic/unstructured movement. However,
we found that only three points may not be sufficient to create a feeling of chaotic
movement and to increase the expressiveness of the mind-wandering metaphor, we
considered a necklace consisting of four beads on a vertical string. Therefore, we
designed a thermal pattern that randomly warms up one actuator at a time to better
communicate a sensation of randomness or lack of pattern, as described in the next
section.
8.3.2.2 Exploration of Thermal Stimuli for Meditation
Our exploration was guided by key aspects underpinning thermoception. Neutral
thermal state is the range at which human skin usually rests (usually 28ºC- 40ºC), and
within which thermal changes are difficult to detect [130]. This range is stable within
an individual but can differ across individuals, i.e., 30-36°C, 28-34°C. Just noticeable
differences is the minimum amount of change from current skin temperature that is
required to be detectable [20, 58, 265]. These two parameters were initially adjusted
for each user by calibrating each of the four actuators to ensure they were all noticeable
and safe. For convenience, we started exploring the temperature intensity on more
accessible body parts such as our arms and found out that the feeling of comfortable
warmth meant different temperatures for each of us. Then we moved to explore them
on our upper body, starting with one actuator at a time.
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We particularly looked at the temperature range which the upper body would
detect as pleasurable, without being too subtle or too hot. We found that nice warmth
was perceived around 40ºC when applied for 6 seconds (Figure 8.3, left), although
individual differences emerged with comfortable temperature ranging from 35ºC to
45ºC. Because a narrow temperature range made it more difficult to distinguish
between different temperatures on the skin for which warmth felt pleasurable, we
decided to keep this full temperature range consistent for each actuator and to
generate the thermal patterns by altering their temporal aspects.
8.3.2.3 Creating Movement with Warmth: Location, Size and Duration
of Actuations
With respect of bodily location of the actuations, we felt how different areas of our
upper body responded differently to warmth: chest was by far the most sensitive
one, while belly the least. For instance, temperature intensity over 45ºC, was felt as a
sensation of stinging on the chest, and as a diffuse feeling of warmth on the belly. Such
felt sensations provided us with a more nuanced understanding of previous findings
on the increased thermal sensitivity of the upper body [131] and sensitized us to the
importance of personalizing the temperature intensity and particularly for each one
of the four heat pads and their bodily placements.
Regarding the size of the heating pads, we started with actuators of circular shapes
of 5cm x 5cm, which felt comfortable on the skin. However, along the vertical string on
which we placed them, such rather large pads could fit at most 2 cm apart, which led
to the feeling of warmth radiating around them in almost contiguous areas. This led
to the entire upper body feeling warm, with limited ability to recognize the location
of each actuator. In this way, we felt on our bodies the property of the skin to
summate the intensity of warmth over space and the rather poor spatial resolution of
thermal interfaces [66]. This is a challenge limiting the ability to recognize the thermal
patterns and to distinguish them from each other, which we addressed by exploring
smaller sizes for the heat pads. We found that circular-shape 1.5cm x 1.5cm placed
at least 2 cm apart can be individually perceived without blending into each other
(Figure 8.3, left).
When it came to exploring thermal patterns, we found two temporal aspects that
mattered most, namely the duration of actuation (long enough to be noticed, and not
too long to stop being pleasurable), and time between consecutive actuations. We
found that the actuation was unnoticeable when applied for less than 4-seconds and
uncomfortable when lasted longer than 8 seconds, consistent with previous findings
on on-skin warmth perception [132].
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Figure 8.3: Left: Placement of the WarmMind’s actuators on the upper body. Right:
Diagrams of the WarmMind prototype’s thermal patterns designed to map meditation
states of being mindful (left), mind-wandering (right), and change of state (center).
Based on this, we designed each actuation to be on for 6 seconds, and have 4-
seconds off before the start of the next actuation to allow for the warmth to dissipate.
This actuation was the building block for each of the three thermal patterns, that
were formed of 4 actuations to make sure that all actuators warmed up at least once
within each pattern. Further, each pattern was designed to be felt distinct from the
other, whilst keeping the same aesthetic quality of subtleness.
8.3.3 Metaphorical Representation of Meditation States with
Thermal Patterns
Movement-based metaphors consistently link being mindful to stillness, and mind-
wandering to movement or agitation [249]. We now describe the metaphors used
(Table 8.1, bottom) and the first-person experience to design the thermal patterns
mapping meditation states (Figure 8.3, right).
On the one hand, the being mindful state was mapped to 4 simultaneous
activations of all heat actuators as a subtle pulsating sensation. We implemented this
as shown in Figure 8.3 right, by simultaneous activations of all actuators for 6 seconds
at their specific personalized temperature, repeated 4 times after 4-second intervals.
We aimed to create no vertical movement so that stillness is properly communicated.
For increased expressiveness, we considered however a pulsating pattern of each
actuation, similar to the metaphor of a beating heart. This pulsating pattern is
also consistent with previous work, which found that when being mindful people
experience a sensation of warmth around the heart area, similar to a beating heart
[67, 145]. When experimenting with this pattern, it felt like waves of warmth coming
and going at a slow beating pace. We liked this pattern as it felt like augmenting the
natural movement of breathing on the upper body.
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On the other hand, the mind-wandering state (Figure 8.3, right) was mapped to
random activation of the 4 actuators, with each of them being activated only once in
random order at their specific personalized temperature. Although during meditation
we found it difficult to identify the order of the actuations being activated, this pattern
generated a nice and subtly agitated warmth sensation moving on the upper body.
It also felt very distinct to the pulsating sensation of the being mindful state, which
was important to us, since being mindful and mind-wandering can be conceptualized
as being polar, each one placed on the ends of a continuum.
Finally, the change of state was mapped to ordered activation of heat actuators
to represent a downwards movement from chest to belly. For this, we actuated each
heating pad for 6 seconds, with the actuation starting 4-seconds after the heat pad,
which was placed immediately above on the vertical string, has finished its activation
(Figure 8.3 right). We experimented with different vertical movements to link the
states of being mindful and mind-wandering and found it difficult to recognize the
direction of movement as up or down. This may be because of the less thermoception
accuracy on the belly area, and the dissipation of warmth around the actuation.
Therefore, we chose just one direction of movement: to start on the chest and move
down to the belly as we found the chest to be the more sensitive area and, this way,
the sensation moved from being more intense to more diffused. We found this to be a
nice middle point between the pulsating sensation associated with being mindful and
the random actuation associated with mind-wandering, by moving attention to the
vertical line within the front of the upper body in a structured manner.
8.4 Summary
This chapter provides an overview of the contemporary theory of metaphors and
suggested how this body of work can inform the design of novel interactive systems
for meditation in HCI. Followed by an analysis of the metaphors used in a popular
commercial application (i.e. Muse) mapping brain activity into a natural soundscape
to facilitate meditation, detailing how such qualities could be transferred into other
feedback modalities. To illustrate this, the design of a WarmMind is presented, a
prototype that integrates warmth-based patterns for FAM meditation with an internal
object of attention -inspired by the bodily sensations identified in Chapter 7. The
design process involved a somaesthetic exploration of warmth on the body, which
can how to design embodied metaphors with them e.g. integrating movement as
metaphorical representation of mindfulness states. The next chapter reports on
the felt experiences of participants practicing sitting meditation with aural-based
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Most meditation technologies employ metaphorical mappings of meditation states to
visual or soundscape representations to support awareness of mind-wandering and
attention regulation, although the rationale for such mappings is seldom articulated.
Moreover, such external modalities also take the focus attention away from the body.
On the one hand, many commercial apps scaffold the integration of meditation
as a regular daily practice, albeit they merely provide non-interactive audio-visual
guidance which limitedly accounts for user’s real-time performance [258]. On the
other hand, most interactive technologies in HCI provide real-time feedback based on
the changes in internal processes underpinning meditation, such as relaxation [212] or
attention [230]. Still, the role of the human body in such designs has been limitedly
explored [181], as the body has been mainly used to record physiological signals (e.g.
EDA [247], breathing [212, 223, 284], EEG [4, 150, 230]) which were further mapped
onto creative audio-visual feedback. Despite the increasing HCI interest in embodied
interaction [75] and the findings on the importance of embodiment in meditation
practice [145], our understanding of how to leverage the body as an active ingredient
to support meditation is still limited.
This chapter advances the concept of interoceptive interaction and employs
embodied metaphor theory to explore the design of mappings to facilitate the FAM
practice of sitting meditation with an internal object of attention. I report on an
exploratory study with 10 participants comparing our novel thermal metaphors with
the WarmMind prototype for mapping meditation states with comparable ones, albeit
in aural modality, as provided by Muse meditation app. To our understanding, this
is one of the few instances of a cross-modal comparison of meditation technologies.
9.2 Exploratory User Study of WarmMind
The user study, approved by the University’s ethics board, aimed to compare the
two modalities for meditation: aural and haptic thermal neurofeedback provided by
Muse app and WarmMind prototype, respectively. The study’s aim was foremost
exploratory to understand how to design embodied metaphors with different feedback
modalities, and not intended at this step to assess their impact on meditation
performance. I run individual sessions with our 10 participants, each session lasting
about one hour. The feedback modality order was randomly assigned to ensure no
learning effect on the understanding of the metaphors, as the aural and haptic thermal
feedback was experienced individually and at separate times.
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Figure 9.2: Thermal patterns based on embodied metaphors for meditation provided
by WarmMind: being mindful is stillness / no movement (top), change of state is
structured movement (middle), and mind-wandering is agitated movement (bottom).
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The contributions of this study are threefold. First, I introduce the concept of
interoceptive interaction, which extends the design space of meditation technologies
to interoceptive modalities as outputs for metaphorical representations. Second,
I present WarmMind, a design exemplar I developed to illustrate interoceptive
interaction with on-body thermal patterns recreating embodied metaphors for
meditation which were experienced as originating from inside the body (Figure 9.2).
Third, I propose an initial framework capturing the tensions underpinned by three




A total of 10 participants (5 female 5 male, range 19 to 25 years old, average age
21) were recruited through university mailing lists and notices posted on campus. A
total of 4 participants had previous experience with meditation, of which 2 started
the study with the haptic condition and the other 2 with the audio neurofeedback
condition.
9.2.1.2 User Study
Upon arrival, each participant was given the study description and a short presen-
tation introducing the practice of FAM and neurofeedback, and the two systems:
WarmMind prototype and Muse [186]. The study started after participants signed
the consent form and consisted of four parts as detailed below.
Prototype Setup and Calibration. The first step was to set up the WarmMind
prototype (Figure 9.3). To respect privacy, participants were instructed on how to
place the actuators and were left by themselves in the room to set it up. Then,
a calibration test was conducted to adjust the temperature range of each actuator
so they were both noticeable and comfortable. This consisted of turning on each
individual heating pad at the lowest intensity for 6 seconds and then turning it off for
4-seconds. Participants were asked to say when they felt any warmth coming from
the pads. The customised thermal range for each actuator (full range across the study
sample was 35 ºC to 45 ºC) was saved for the duration of the study. This was also an
important step to ensure safety as the thermal threshold on different body locations
can vary between people [265].
Exploring Meditation with Aural and Thermal-based Neurofeedback. For both
feedback modalities, participants were asked to meditate for 5 minutes, with their
eyes closed while sitting comfortably on a chair. The baseline meditation state was
automatically calculated by Muse at the start of each meditation session.
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Participants were also instructed to pay attention to their breath, slowly filling
their chest and belly, facilitated by the common FAM posture of placing one hand
on top of the chest, and another on the belly which encourages deep, controlled
breathing [104]. Between meditation sessions, participants had a 5-minute break
to diminish the carryover effect.The aural feedback by the Muse’s app was played
through Audio-Technica M40X studio-grade headphones. The thermal patterns were
provided through the WarmMind prototype, as described in the previous section, and
the integration with the headband was by proxy through a Wizard of Oz approach.
The researcher was listening to the participants’ Muse [186] soundscape in real-time
and provided accordingly the corresponding thermal feedback. To control for the effect
of the mere presence of different devices and to ensure consistent experience regardless
of feedback modality, the Muse headband and app were used in both conditions,
alongside the headphones and the WarmMind prototype. Since the use of Muse
headband in conjunction with the Muse app prevents access to real-time EEG data,
I used self-report measures of state mindfulness (not trait), before and after each
meditation session. Mindful Attention Awareness Scale (MAAS) for state [266]. This
is a standardized instrument widely used to assess state mindfulness, as a receptive
state of mind in which attention, informed by a sensitive awareness of what is occurring
in the present, simply observes what is taking place [40].
Semi-structured interview. The semi-structured interviews aimed to explore
users’ perception of the two neurofeedback modalities, their understanding of the
two mappings of meditation states to the soundscape and thermal patterns, and
their impact on meditation experience. I asked whether they preferred audio or
thermal condition and why, as well as what were the main benefits and challenges
in each condition. I further asked about their perception of meditation states
when meditating with audio and thermal neurofeedback, by enquiring about how
each condition impacted the recognition of e.g. being mindful and mind-wandering
moments. I also asked about the experiential qualities of the thermal patterns, the on-
body location of the actuations, whether they could identify distinct thermal patterns
and the potential integration of this feedback modality in meditation technologies.
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9.2.1.3 Data Analysis
Interviews were fully transcribed and coded, following a hybrid coding approach [85]
using the Atlas.ti8 software for qualitative analysis. The development of the coding
scheme was an iterative process involving all authors. Drawing upon a conceptual
framework developed from prior work on meditation [67, 189, 226], the initial codes
included the main strategies for meditation, key meditation stages, and the physical
sensations associated with meditation, as well as qualities of embodied metaphors
(e.g. polarity, discoverability, ambiguity, discrete, continuous). Then, I refined the
scheme to include codes that emerged from the interviews such as new qualities of
embodied metaphors and about the meditation experience, such as: main focus of
attention (i.e. internal / external), support or hindering for attention regulation (i.e.
ambiguous / familiar, subtle / rich), and maintaining non-judgemental stance (i.e.
abstract / representational).
9.2.2 Findings from the User Study
We now detail the qualitative analysis of the semi-structured interviews, organised in
four main themes: (1) the main focus of attention, (2) recognition and understanding
of the embodied metaphors for meditation states, (3) supporting regulation of
attention, and (4) supporting non-judgemental attitude during meditation.
9.2.2.1 Focus of Attention
External: The Soundscape Becomes the Focus of Attention with the Muse App
An important finding regarding Muse App is that most participants (7) mentioned
that the rather engaging quality of the soundscapes attracted their attention. This was
usually due to the representational feedback and immediate communication in changes
of meditation states: "I did find that, like, with the sound, it would do something
immediately and I would be like ’okay I know what caused that to happen’" (P9).
Because of this quality, participants mainly focused and maintained their attention
on the feedback provided: "I was focusing on the sound, the sound was really helpful
thing when I hear birds I was trying to just maintain as long as I can." (P2). However,
most participants (8) did not like the fact that the soundscape became the only focus
of attention as it distracted them from their meditation experience, as shown in this
illustrative quotes: "[the soundscape] it was just a bit too direct I think, and I don’t
know, hearing it made me a bit distracted" (P7), "the noises were annoying, when
it started raining more heavily I got annoyed, so it was hard to focus again. [...]
although the sound was clearer [easier to understand the mapping] [...] I don’t think
the feedback helped me" (P8).
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Figure 9.3: Participant wearing the WarmMind prototype -on top of the t-shirt for
the purpose of the illustration, but during the study the actuators were attached to
the skin on the displayed locations- and the Muse headband.
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Having the focus of attention on the soundscape meant that the regulation of
attention back to the breathing was not direct, but mediated by the sound: "my
brain would stop [engaging with distracting thoughts], and then my mind would be like
’Okay, I’m focusing on my breath, I’m doing something right’. And then I would lose
my focus and the rain would start again" (6). As illustrated in this quote, with the
Muse app the breathing becomes a secondary focus of attention to the soundscape.
Another highlighted aspect of Muse App, mentioned by 5 participants was
how the audio feedback allowed them to disengage from external stimuli such as
environmental noise and focus on the soundscape: "I feel I liked sound, because
sound is more isolating. Not only do you focus on what you are listening to, but
also tune out everything else around you” (P4). Other 3 participants highlighted that
the soundscape allowed them to also disengage with internal stimuli, such as their
thoughts: "because of the sound of the water, you don’t focus on your own thoughts
so much, you isolate more [...] it made you unaware of everything that’s around you"
(P5).
Internal: The Body Becomes the Focus of Attention with the WarmMind Prototype
Findings indicate that whilst audio feedback was perceived as an external stimulus
for the attention, both engaging or stimulating but mostly distracting, the warmth
patterns were sensed as internally, coming from inside the body, allowing participants
(7) to focus attention inwards on their personal meditation experience: “I think the
audio is more about the technology, and the heat is more about coming back to yourself
[...] and focusing on your body. [. . . ] It’s kind of like turning on your all different
senses” (P1). This illustrative quote indicates that thermoception feedback supports
increased awareness of one’s senses, which contrasts with the common experience of
isolation enabled by the audio feedback.
As a result, with the thermal patterns, the body takes a central role, becoming
the focus of attention during the meditation: "I feel like [WarmMind] also makes you
more aware of your body. Because I don’t usually focus on that type of change - [. . . ]
basically the temperature of different parts of your body; we’re not really focused on
that. So I feel like this also helps you build awareness in that aspect" (P5). This
quote and the following one also illustrate how the thermal actuation is perceived
as internal to the body rather than from an external source i.e. our prototype: "it
felt like it’s quite a natural thing” (P9). An important consequence of the internal
focus of attention is the direct access to the breathing pattern felt within the body,
without being externally mediated by sound, like in the Muse app. As mentioned by
7 participants, the thermal feedback allowed for the deep breathing to be maintained
within the focus of attention: "it’s quite good in the torso, especially with the breathing
out to the breathing on the top" (P3).
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9.2.2.2 Recognising and Understanding the Metaphorical Mappings
Familiar Sounds Facilitate Identification of Meditation States
Regarding the identification of the distinct metaphors representing different medi-
tation states, 6 participants identified three main sounds: "there was that kind of
heavy rain, light rain, birdsong" (P3). which was particularly useful to recognise the
metaphors. Findings particularly show d that the moments of being mindful and
mind-wandering were the easiest ones to become aware of and understand during
meditation: "when I sort of started letting my mind go, I could start hearing the rain
stop and the birds singing" (P10). As illustrated by this quote, all participants easily
understood the metaphor of rain for mind-wandering, and no rain and birds singing
for when being mindful. Nevertheless, although the change of state metaphor was
also usually identified: "the water was quieter for a long periods" (P5), it seems that
it was less easy to map when compared to the other two: "the actual different sounds
for being not concentrated I didn’t quite get" (P3). To summarise, the two polar states
were easier to map because the heavy rain was higher in tempo and volume compared
to light rain, which also had new distinctive sounds of birds singing at a high pitch.
Thermal Ambiguity Difficults Differentiation of Patterns
Concerning the WarmMind prototype, findings indicate that the perceived ambiguity
of the warmth patterns made it difficult to understand their mapping to meditation
states: "I couldn’t really link what I was thinking with what the feedback [thermal
pattern] was giving” (P9). Thermal patterns were more difficult to differentiate as
participants could not immediately recognise which actuator was warming up at the
time: "I didn’t really distinguish like ’is it the middle one, the third one, the fourth one,
or the first one; which is heating?’" (P2). However, participants distinguished between
a full warmth (i.e. being mindful) and a random pattern (i.e. mind-wandering):
"the pattern was kind of noticeable when my mind was wandering. It was absence
of the same warmth as when I was concentrated” (P3). As with the soundscape, the
change of state metaphor was not as clearly understood compared to the two states
of being mindful and mind-wandering. Besides, 6 participants identified changes in
thermoception as something that requires bringing back attention to the breathing,
without being able to discriminate its meaning: "I was only really paying attention to
this [heat] and the breathing" (P9).
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9.2.2.3 Supporting the Regulation of Attention
Rich Stimulation Hinders Attention Regulation
An important finding reported by most participants was that, although the audio-
based feedback allowed them to easily identify their meditation states, they also
struggled to regulate their attention in order to maintain it: "although the sound
was clearer [easier to understand the mapping] [...] I don’t think the feedback helped
me, because when I understood that I was doing good, I got back to the start and
lost focus" (P8). Findings indicate that most participants found the regulation of
attention with the aural feedback challenging as the soundscape was perceived as
distracting due to three main issues.
First, the soundscape was perceived as intense, particularly at moments of being
mindful and mind-wandering: "I feel like [audio] is also more distracting because it’s
more intense [...] With the sound, I had a problem where I started drifting off and I
heard the sound was louder. So I tried to go back to make it quiet, but I was focusing
on it too much" (P5). As described in this quote, participants perceived the volume
of the feedback to increase or becoming louder as they tried to focus their attention to
get back to being mindful. Second is the continuous audio feedback meant that each
change from one meditation state to another was mapped through the changes in the
soundscape. However, such changes in meditation states can occur rather frequently,
particularly in novice meditators, and thus, the continuous mapping may lead to fast
changes which can hinder focus of attention: "I found the sounds to be a bit maybe
too disturbing the way they were changing [...] it was it basically too rapid" (P10).
Finally, the soundscape was also found to be rather sensorially rich, or overwhelming:
"the sound just overtook all my senses" (P4). Together, intensity, rapid continuous
change, and sensorial richness made the soundscape mappings both enjoyable and
easier to identify albeit distracting.
Subtle Warmth Calls for Bringing Attention Back to the Body
A key outcome is that thermal feedback allowed participants to keep bringing the
attention back to bodily sensations and breathing. In turn, this facilitated disengaging
from distracting thoughts and achieving a being mindful state: "I couldn’t really tell
[the patterns]. It was there, and I didn’t really pay more attention to it, as I was
focusing on my breathing, and my mind, rather than focus on what feedback I’m getting
that makes sense, which sort of was just in the background” (P10). This is a significant
finding indicating that although the metaphorical representations of meditation states
with thermal patterns were more difficult to understand than aural ones, the thermal
patterns better facilitated the regulation of attention during meditation.
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It particularly illustrates the subtle, almost peripheral presence of the thermal
neurofeedback, which does not distract, nor engage attention away from meditation,
albeit implicitly supported the focus of attention on breathing: "it’s [the heat] quite
good in the torso as well, especially with the breathing out from the bottom [belly] to
the breathing on the top [chest]" (P3). The fact that such support was perceived by
participants with and without previous experience with meditation is particularly
important. Indeed, they both reported that thermal patterns fostered bringing
attention back to the body, despite the fact that interoceptive awareness or awareness
of bodily sensations is a skill that develops in time: "it was just like, ’oh its warm, so
I have to come back to myself ” (P1). Therefore, the embodied qualities and openness
to interpretation of the thermal feedback were found to facilitate the regulation of
attention at one’s pace, whilst subtly suggesting to bring the attention back to the
body.
Findings show that all participants perceived the warmth as a subtle form of
interaction: "I feel like [the audio] it’s also more distracting because it’s more intense,
whereas the heat was more subtle and just felt like [the warmth] was suggesting, and the
water was more of a guide like hard guiding you" (P5). As illustrated by this quote,
most participants felt like the thermal patterns were not as intense as the soundscape
and allowed them to re-focus their attention without overtaking or overwhelming their
senses: "I really liked that it does get your attention but it wasn’t like it was distracting"
(P9). Interestingly, if aural patterns were at times perceived as too intense, thermal
ones were perceived by 6 participants as being too subtle: "I like the heat because it
was subtle. [...] Although the heat might have been a bit too subtle maybe" (P4).
For the results of the MAAS questionnaire, I run a paired t-test to compare the
effects on the state mindfulness, when meditating for 5 minutes with thermal feedback
compared to an auditory soundscape. Although there was an increase in the state
mindfulness for both conditions when compared to baseline (an increase of 0.3 on
average with SD = 3.9 for the thermal, increase of 1.4 on average with SD = 3.5 for
the audio), it was not statistically significant.
9.2.2.4 Metaphors’ Expressiveness Fosters judgemental Attitude
As described above, the rainforest soundscape provided by the Muse’s apps was
perceived as easy to understand and particularly expressive due to different sound
timbres (rain, river, birds), decreasing volume and tempo level from mind-wandering
to being mindful, and increased pitch associated with birdsong in the being mindful
state. Nevertheless, this was found to be a negative aspect of the audio condition for
two main reasons.
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First, participants found the metaphors for being mindful and mind-wandering
states too representational and affect-charged. For instance, participants were familiar
with the metaphors used and linked the heavy rain for mind-wandering with negative
feedback: "the heavy rain was kind of negative, and in the heat it wasn’t anything
negative" (P1). Hence, the birdsong representing the state of being mindful were
linked to positive feedback: "when I heard them [the birds] I just went ’yeah, I got it’,
and then I just immediately lost it [being mindful]" (P8).
Unfortunately, such easy recognition of meditation states with the aural feedback
fostered a judgemental attitude towards meditation session: "the water was nice
but I think I was trying to like figure out the pattern [during the meditation], so
maybe it was a bit too much" (P4). As a result, 7 participants have shown a more
performance-oriented stance of their meditation, looking for the positive feedback,
instead of experiencing the present moment in a non-judgemental manner, a key
aspect of meditation training [40]: "it stressed me out when I had more rain, and
when I didn’t hear the birds I was like, oh I should be hearing the birds" (P7), "with
the sound, I could hear the birds more when I was concentrated, so it kind of made me
want to listen to the birds" (P3). As illustrated in these quotes, applying gamification
principles such as rewards and punishments to meditation technologies may support
awareness of meditation states but can be counterproductive as they hinder attention
regulation. This is due to the fostered judgemental attitude rather than the non-
judgemental one, as an underlying principle of meditation [137].
In contrast to the judgemental stance emerging in aural condition, the warmth
metaphors, with their ambiguous quality did not lead to it. In fact, the thermal
patterns facilitated a non-judgemental attitude towards the experiences that arise
during meditation: "I could kind of tell if I was losing focus [with the soundscape]
and I felt I felt that pressure with it [during the meditation], [...] the heat was more
gentle" (P4). As illustrated by this quote, the audio feedback was perceived as more
disruptive hence added that layer of judgemental attitude towards being mindful,
whereas the warmth was perceived as a gentler guidance in which they could choose
whether or not pay attention to it: "It can help us [thermal feedback for meditation],
I think, in some way without relying on it too much" (P1).
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9.2.3 Discussion
We now discuss the findings by revisiting the initial research starting by introducing
the concept of interoceptive interaction, which I further extend through a discussion of
the qualities of the embodied metaphors explored with the aural and thermal feedback.
9.2.3.1 Interoceptive Interaction
The exploration of the design space of meditation technologies through the Muse
app and WarmMind prototype allowed the understanding of their distinct metaphors
and qualities underpinning them. WarmMind is an illustration of a less explored
class of technologies leveraging a specific form of interaction which I call interoceptive
interaction. I define interoceptive interaction as interaction with bodily data through
interoceptive senses aimed to bring the attention inwards to increase awareness of
bodily states. Although the heat was placed on the skin rather than within the
body, I use the term interoceptive because the stimuli were perceived as originated
from inside the body. This can have important wellbeing and health benefits, as
interoceptive awareness is needed for regulation processes from emotional regulation
to mindfulness meditation [81, 97, 103, 149, 220, 271].
Bodily data could include meditation states measured through brain activity, as
well as emotional responses measured through skin conductance or heart rate, most
of these explored in HCI. The main distinction of this new class of technologies that I
propose is that interaction with bodily data takes place through interoceptive senses
rather than the predominantly used external senses via visual or aural interfaces
(Figure 9.4) to communicate, for instance, embodied metaphors of meditation states
[4, 212, 230, 284]. In contrast to the external senses which support interaction with
the environment, interoceptive senses receive information from inside the body namely
the viscera (i.e. respiratory, cardiovascular, and gastrointestinal organs) and the skin
(i.e. thermal and pain receptors) to support bodily optimal balance or homeostasis
[220], as well as from the autonomous nervous system to support emotional awareness
and regulation [178].
While modalities for interoceptive interaction have been less explored compared to
traditional exteroceptive interaction, a rich starting point is haptics. Our exploration
was focused on thermoception for attention regulation, while parallel HCI efforts have
just started to emerge to communicate breathing through vibration patterns [180] or
physiological arousal through heat [274] to support affect regulation. A landmark
example in this space is Jonsson and colleagues’ exploration of the aesthetics of heat
[132], in which they use different thermal actuations to increase awareness of body
parts during the practice of Feldenkrais exercises.
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Our work goes beyond that of [132], by exploring the use of metaphorical mappings
for meditation with first-person experience methods across two separate feedback
modalities (audio and heat). With consistent findings from our soma exploration and
the user study, our work also extends [132]’s through the effort of conceptualizing the
underlying qualities of heat and audio that may foster such perception.
We suggest that interoceptive interaction can open a new design space for
meditation technologies, in which the human body is not only used to monitor
internal processes but is also used as a canvas to communicate meditation states via
subtle actuations perceived to come from inside the body, and inspired by embodied
metaphors such as our thermal patterns.
9.2.3.2 Qualities of Embodied Metaphors for Meditation
Our findings provide an overview of the embodied metaphors experienced during
meditation, brought forward through two distinct mediums: an aural soundscape,
and thermal patterns on the upper body. I now discuss the qualities of embodied
metaphors and how these can support key aspects of meditation such as regulation
of attention and attaining a non-judgemental stance. I also reflect on these qualities
and their tensions in order to inform a design framework for meditation technologies.
Qualities Impacting on Metaphor Understanding
Participants’ description of their experience of meditation with aural and thermal
feedback emphasized that metaphors instantiated through the Muse’s rainforest
soundscape were easier to discover and understand than those provided byWarmMind.
The mapped mindfulness and mind-wandering states as two opposite states on a
continuum, one of which desirable, also indicates the polarity characteristic of the
embodied schemata slow-fast, which has been suggested as important for embodied
tangible interaction [169]. However, the continuous aural feedback goes beyond
polarity, by providing also the mapping for all the changes between these two key
states.
The change of state in Muse app maps transitions between the two polar states;
albeit it does so in a rather symmetric manner, mapping in the same way any change of
state. While easy to understand, hence discoverable, this symmetry is less supported
by experiential accounts of expert meditators [67] according to whom the movement
from mind-wandering to mindfulness is slow and gradual, but the reverse movement
can be immediate. These insights suggest a more nuanced understanding of supporting
discoverability, strongly advocated in tangible interaction research [169, 225]. First,
discoverability works best for the two polar states, but less so for the change of state.
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Our findings also indicate that one property of the sound stimuli that can vary
consistently across the continuum between the polar states, is the one that drives the
instantiation of image schemata (tempo for Muse), while the other sound properties
can be leveraged to increase discoverability (timbre and pitch for Muse), and limit
distraction (symmetric transition).
In contrast to the high discoverability of the embodied metaphors of the Muse
app, the ones provided by the WarmMind prototype were less discoverable. Indeed,
while all participants felt the warmth and most of them used it as a prompt to bring
attention back to the body and breathing, the patterns were however not clearly
associated with mindfulness and mind-wandering states. While challenging, ambiguity
can also be a resource to design evocative systems intended to support more open
interpretations [94, 227]. For instance, Sanches et al. argue for the use of ambiguity
in the prototypes that rely on technologies that people have limited familiarity with,
such as their prototype mapping skin conductance to arousal-based visualizations
[227]. This resonates with our work, as I are targeting concepts that people are less
familiar with such as thermal actuations, or are difficult to access and be aware of
such as meditation states.
In the attempt to increase the rather limited expressiveness of the thermal patterns
(for which I can only manipulate intensity and rhythm while our comparable, highly
expressive Muse app manipulates four properties of sound), I decided to work with
4 actuators to more expressively communicate the random pattern for the mind-
wandering state. On reflection, this was a less ideal choice, as it added more
complexity than probably needed, thus challenging the understanding of this mapping.
I can now see additional limitations with the movement metaphor, as I start asking
ourselves what is the movement about? What is meant to be moved? To answer
these questions, I reflected back on cognitive linguistic findings where the movement
is described as one of a preoccupied mind, the movement of chaotic thoughts [138, 249].
For WarmMind, however, the warmth-based embodied movement would do better to
reflect the body rather than an abstract movement of thoughts, as the random pattern
does little to support bodily awareness during mind-wandering moments. In fact, it
does the opposite, by bringing attention to something less structured, it can hinder
the focus of attention when is most needed to be regained.
Qualities Impacting on Attention Regulation
Findings indicate that while Muse app supported better discoverability of the
metaphorical mappings, it was also more distracting as participants tried to regulate
their attention. In contrast, while less discoverable, WarmMind appears to be better
suited to support the regulation of attention. Several qualities of embodied metaphors
appear to have contributed to this outcome, the most important being interoceptive
and subtleness of the WarmMind vs exteroceptive and richness of the Muse app.
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Findings indicate that with its inwards focus on the body, the WarmMind
prototype remained in the background. Due to its low-intensity actuation (warmth
rather than hot or cold), sampled discretely based on changes of meditation states
rather than continuously, and its lower expressiveness, conveyed through the fewer
properties of thermal actuators compared to sound ones; WarmMind allowed for
the main focus of attention to remain on the breathing, rather than being required
to continuously attend to the interaction itself. These outcomes contribute to
the HCI work on subtle interaction [208] and extend the previous emphasis on
multimodality [120] in tangible interaction, towards interoceptive modality and
particularly thermoception. They also highlight the challenge of continuous feedback,
as regulating attention is a key skill that meditation practice aims to support, albeit
not trivial to develop [277].
During meditation, it is easy to engage with distracting thoughts or external
stimuli, hence novice meditators usually rely on support to help them bring attention
back to the present moment e.g. audio instructions [69], prescribed movements [239],
or interactive technologies [252, 263]. Whilst in traditional meditation such support
is provided in a discrete manner e.g. the teacher says a generic statement every
few minutes to foster bringing the attention back to the present moment [137], most
interactive technologies provide a continuous stream of feedback adapting in real-time
to the changes in meditation states (Figure 9.4). Our outcomes indicate that for FAM,
a more discrete type of feedback may be more beneficial.
An interesting outcome is that, although not significant, MAAS questionnaire
has shown a larger increase in mindfulness state after using the Muse app. This is
surprising given participants’ increased challenges for attention regulation experienced
while using Muse app. It may be that our two interfaces supported mindfulness
state through different mechanisms, and future work is needed to explore this. It
is worth highlighting that Muse app’s nature-based soundscape was characterized
by white noise consisting of different sounds at multiple frequencies with limited
changes in rhythm or pitch [292], similar to other sounds encountered in nature,
created for instance by rivers, ocean waves, wind blowing through vegetation, rain
or fire. White noise is frequently used in music therapy and consistent findings have
shown its impact on increased positive emotions, and relaxation [71, 255]. Moreover,
consistent findings have also shown the link between mindfulness and connectedness
with nature, as well nature’s restorative value for our attention capability [243],
allowing for “relatively effortless attention and processing in an environment to which
humans are evolutionarily adapted” ([101] p. 10).
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Qualities Supporting Non-judgemental Stance
Findings indicate that unlike WarmMind prototype, Muse app has led most par-
ticipants to take a judgemental stance regarding their meditation session. Several
qualities facilitated this, such as high discoverability [169, 225], rich and continuous
feedback allowing participants to know moment by moment how well or less well
they were doing, and in particular polarity coupled with gamification principle [252].
According to this, birdsongs, mapped to mindfulness state, were particularly distinct
(different timbre) and easy to perceive as reward, whereas heavy rain mapped to
mind-wandering state was perceived as negative feedback. In turn, this led to
a judgemental stance towards meditation states, as participants felt compelled to
maintain the mindfulness state to keep hearing the songbirds and to transition out
from mind-wandering to no longer hear the heavy rain. In other words, they started
experiencing attachment towards the meditation’s goal rather than being present
within the meditation process. This contrasts a key tenant of meditation practice,
namely the non-judgemental acceptance of all experiences that may arise during it
[277].
9.3 Framework for Designing Embodied Metaphor
Inspired Meditation Systems
To better support a metaphor-inspired approach to designing for meditation, I
describe an initial framework capturing the main qualities of the embodied metaphors
that our findings highlighted, and the relative tension between them. This is
intended to summarise in a concise manner the richness of our data. I also describe
its evaluation, as I have used it to populate it not only the two systems I have
explored: Muse app and WarmMind prototype, but also with 7 additional meditation
technologies I reviewed in the state-of-the-art which employed neurofeedback-based
embodied metaphors on exteroceptive modalities such as visual, auditory interfaces
and VR environment.
The framework is organised to reflect the tension highlighted by our findings
between discoverability on the one hand, and attention regulation on the other hand.
Then, this tension was further broken down into 3 of the key qualities supporting them
both, albeit in opposing ways: sensory stimulation (rich or subtle), temporal aspects
(continuous or discrete feedback), and ambiguity (familiar or ambiguous mapping).
Given the importance of nature-inspired design in Muse app, I provided another layer
to the framework by marking with the leaf the systems employing nature-inspired
metaphors.
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9.3. Framework for Designing Embodied Metaphor Inspired Meditation Systems
Figure 9.4 shows the framework populated with all 9 systems, each one across
each of the three horizontal qualities, with the size of the circle representing the
number of systems in that space. Also, the qualities listed on the left side (i.e. rich,
continuous, familiar) seem to better support discoverability, and the ones on the
right (i.e. subtle, discrete, ambiguous) better support attention regulation, subject
to how these design tensions are balanced out. For instance, Muse is rich in sensory
stimulation (top left), provides continuous feedback (middle left), and has a familiar
mapping (bottom left). As illustrated, most neurofeedback meditation systems in HCI
provide a moderate level of sensory stimulation, continuous feedback, and moderate to
ambiguous mappings. For example, in Relaworld the aesthetics of the virtual scene are
intentionally minimal to modestly capture attention without eliciting mental fatigue
and cognitive overload, i.e. only display the ocean and the sky in a range of gray-scale
shades, yet supporting discoverability by being continuous and nature-based mapping
[150].
Nevertheless, the exploration of the qualities of subtle and discrete feedback have
been less explored in current interactive systems for meditation, yet our findings
with WarmMind suggest their benefit to the practices of interoception and attention
regulation during meditation. Also, whilst traditional guided meditation practices
account for this by providing temporal-based discrete feedback, all the neurofeedback
systems for meditation in HCI provide continuous feedback mapping all changes
in meditation states in real-time. Although this highly supports discoverability, I
found it may also overwhelm the meditator and challenge the regulation of attention.
WarmMind provides event-based discrete feedback, i.e. tailored to the meditator’s
experience but requiring a lower engagement with the technology hence facilitating
attention regulation, which is a space that has not been explored for meditation
technologies and our findings support their potential benefits for meditation.
9.3.1 Implications for Design
We now report on the value of our findings for the design of meditation technologies
highlighting the need for a deep understanding of the metaphors to design for, the
tension of supporting both discoverability and attention regulation, and for sensitive
design of the mapping for being mindful.
9.3.1.1 Understanding and Experiencing the Embodied Metaphors
Our findings indicate the importance of designers’ deep understanding of the
metaphor, its origin, and what it can be applied to, without altering aspects which
would make it less effective, i.e. in our case the chaotic movement of thoughts to the
random movement of warmth on the body.
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We argue for the benefit of drawing from multiple sources to understand the
metaphors [120] such as spiritual tradition, cognitive linguistics, and phenomenology
of meditation, engaging in first-person somadesign exploration of the metaphors,
and running user studies with contrasting prototypes to better understand how the
metaphors work or not. I also call for HCI research to articulate the rationale of
the chosen metaphors and of image schemata instantiating them, so can share and
build resources for designing with metaphors in general such as tangible interaction,
or technologies for affect regulation, and for attention regulation in particular.
9.3.1.2 Supporting Discoverability of Embodied Metaphors
Our findings indicate that many qualities of embodied metaphors support their
understanding. The following list, illustrated with examples from Muse app and War-
mMind, offers a valuable resource to consider when designing for discoverability: (i)
type of interaction with exteroceptive being easier to understand than exteroceptive;
(ii) increased stimulation and expressiveness as a higher number of modality properties
being manipulated for the design of the metaphors: 4 vs 2, timbre, tempo, volume,
and pitch vs rhythm and intensity, (iii) pace at which metaphors are presented: quick
and continuous for representing major changes from one meditation state to another
as well as minor ones vs slow and discrete triggered only by major changes from one
meditation state to another; (iv) high polarity: two main states; (v) ambiguity: low
vs high; (vi) gamification: reward for mindfulness vs punitive for mindlessness; (vi)
nature-inspired content.
9.3.1.3 Supporting Attention Regulation and Non-judgemental Stance
Findings also indicate qualities that particularly support attention regulation and non-
judgemental stance: (i) type of interaction: interoceptive rather than exteroceptive,
(ii) limited stimulation and expressiveness as lower number of modalities and
properties being manipulated, (iii) pace of metaphors’ presentation: slow and discrete
vs quick and continuous, (iv) moderate polarity: two states; (v) ambiguity: high vs
low; (vi) no gamification.
9.3.1.4 Sensitive Mapping for Mindlessness State
Findings indicate the mindlessness with its lack of awareness of bodily states is not
easy to design for. Moreover, any intense stimulation design to attract attention
may be perceived as punitive. Thus, I argue for the value of sensitively mapping the




To a less extent, a similar approach has been seen in Muse app through its
symmetric transition representing the movement between the two polar states. I
will go even further to suggest metaphors for mind-wandering state that only do not
attract attention, but which purposefully support its regulation (see below).
9.3.1.5 Thermal-based Metaphors for Meditation
For future thermal-based feedback for meditation technologies, I suggest building on
the growing HCI interest in thermal interaction [232, 275] to explore the warmth
metaphor as dominant (rather than movement metaphor), mapping the higher,
radiant warmth to mindfulness state, and less warmth to mind-wandering state (rather
than cold as I considered in our initial design exploration). The image schemata will
be high-low, emphasizing both high-low warmth intensities, and high-low placement
of thermal actuators on the body: chest for mindfulness, belly for mind-wandering.
Thus, the metaphor of mind-wandering state will be warmth aimed not to emphasize
awareness of mind wandering, but to help the meditator bring their attention to the
breathing in the belly. I also suggest working with the low expressiveness of thermal
properties without attempting to heighten it at the expense of discoverability, e.g.
using no more than two actuators, enough to communicate the two main states.
9.4 Summary
This chapter provides a rich exploration of the practice of sitting meditation mediated
by technology to mitigate one of the main challenges: supporting the regulation of
attention towards an inward focus or internal bodily sensations and away from external
stimuli or distractors. Most meditation technologies employ metaphorical mappings
of meditative states to visual or soundscape representations to support awareness of
mind wandering and attention regulation, although the rationale for such mappings is
seldom articulated. Findings have revealed the experiences of my participants when
meditating with soundscape and warmth-based representations of their mindfulness
states: whilst the soundscape was perceived as an external and expressive feedback
modality, thermal patterns were felt as subtle experiences coming from inside the
body. Also, design tension are outline between the highly discoverable soundscape’s
metaphors which however hinder attention regulation, and the ambiguous thermal
metaphors experienced as coming from the body and supported attention regulation.
Finally, it provides a discussion of the challenges that HCI researchers face when
designing technologies for sitting meditation (building on prior discussion in chapters
7 and 8), highlighting the qualities of embodied metaphors underpinning this tension
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Over the past three years I have investigated the first-person experiences of two FAM
practices for mental well-being -i.e. mandala colouring illustrating a non-static FAM
with an external focus of attention, and sitting meditation illustrating a static FAM
with an internal focus of attention-; and how I can design to enhance the main
benefits and overcome the challenges of these practices. This Chapter concludes the
thesis by revisiting the aims and objectives laid out in Chapter 1, and confirming the
contributions of this work. Finally, it provides a review the discussion points from
Chapters 2-9 in context of current and future practice.
10.2 Review of Research Aims and Contributions
Chapter 1 states three research aims for this thesis to: (i) understand the design space,
(ii) explore the design of novel technologies to mitigate the challenges identified, and
(iii) evaluate the designed solutions. This section provides a description of how the
work contained within Chapters 2-9 has achieved these research aims and contributes
to academic knowledge.
10.2.1 Research Aim 1
To understand the motivations and challenges of practising
FAM for mental well-being during mandala colouring and sitting
meditation, as well as the qualities of the lived experience
associated with such practices.
There is growing interest in HCI to design and develop interactive technologies to
facilitate FAM practices [263]. Despite the broad range of traditional FAM practices
with shown benefits for mental and physical health [40, 239], as detailed in Chapter
2, the majority of work in HCI has focused in static FAM practices [263], some have
started to look into full-body movement FAM practices [185, 51], and very little work
has explored the middle space of involving fine movements [52].
Chapter 4 explores the motivations and challenges of regularly engaging with the
practice of mandala colouring for mental well-being, which illustrates the potential of
the design space of non-static FAM with external object of attention. I emphasise the
opportunities for the HCI community to investigate the under-explored design space
of FAM with an external object of attention that rely on fine skilled movement, as
well as incorporating approaches for mental well-being from other disciplines such as
art therapy [142, 144, 160].
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From this, the specific contributions are as follows:
• An in-depth analysis of the practice of mandala colouring with people that
have engaged with it regularly, identifying new insights including: the ritualistic
aspect of the mandala colouring emphasising the context in which the practice
unfolds; the practice of emotion awareness and regulation through the use of
colours and self-expression; and the execution of slow and continuous movement
to colour the intricate geometry of the mandala, as well as the importance of
mistakes and imperfections for practising acceptance. This advances the state-
of-the-art and the limited insights regarding the main qualities of the context
and unfolding of the practice of mandala colouring for mental well-being.
• A critical overview of how the current technological approaches to augment
mandala colouring, mainly in commercial apps for smartphones, fail to support
the core components that make this practice a non-static FAM for mental well-
being. I emphasise the need for HCI researchers to translate analogue practices
into digital by focusing on the underlying processes rather than only on the final
result -in this case, a beautiful image with no imperfections.
• A rich discussion of the identified novel opportunities for the HCI community
to design interactive technologies to facilitate non-static FAM practices with
an external focus of attention, such as mandala colouring. These include:
designing for intricate confines to scaffold slow, continuous and structured
fine movement; designing for expressiveness by making the intangible tangible
such as supporting interacting with brain activity data; and designing for re-
colouring mandalas as a tool to support re-appraisal by facilitating reframing
past experiences.
Despite the increasing HCI work exploring the design of interactive technologies to
facilitate the practice of sitting meditation, there has been limited work investigating
the felt experience of this popular FAM [203]. This is, however, key in order to design
support systems that facilitate guiding and sustaining the attention inwards; which
is not trivial [168] but is one of the core processes benefiting mental well-being [81].
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Therefore, Chapter 7 investigates the motivations and challenges as well as the
first-person felt experience of sitting meditation; illustrating novel opportunities for
designing technologies to facilitate static FAM practices with an internal object of
attention. Specifically, the contributions are the following:
• A detailed analysis of the motivations and challenges of sitting meditation
for mental well-being with experts, as well as through an auto-ethnographic
exploration of meditation apps. Findings revealed that the current off-the-shelf
technological solutions to facilitate the practice of sitting meditation overlook
the person’s body, despite the growing evidence of interoceptiveness and bodily
awareness being core components of meditation. These novel insights contribute
to the discussions in designing for mindfulness, by calling for incorporating new
perspectives that are already well-established in HCI such as somaesthetic [112],
tangible and embodied interaction design [124, 75].
• The use of a novel methodology, drawing from the areas of research through
design and material speculation [286, 7], to facilitate the exploration, reflection
and communication of abstract, non-familiar or tacit bodily sensations associ-
ated with different mental states. Importantly, findings show this methodology
to be valuable also with participants without previous design expertise.
• Confirm and expand previous work exploring the experiential qualities of
meditation [203] by identifying the main stages that occur during sitting
meditation (i.e. grounding, becoming mindful, being mindful, and mind-
wandering with distracting and dismissible thoughts), the bodily sensations
associated with each of them (including body locations, physical sensations, and
description of the embodied metaphors), and the way they are inter-connected
uncovering that meditation is a non-linear journey. I highlight the opportunities
for the HCI community to design from and for the human body to facilitate the
training of FAM practices with an internal object of attention i.e. with tangible
interfaces rather than audiovisual to support an intrinsic focus, and designing
cyclic feedback patterns tailored to the meditation stages rather than providing
continuous support.
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10.2.2 Research Aim 2
To explore the design of novel interactive technologies to fa-
cilitate the practice of FAM, with either external or internal
main objects of attention, in order to mitigate the identified
challenges.
The insights gathered from previous chapters are consolidated to create design
solutions to facilitate the successful practice of mandala colouring and sitting
meditation for mental well-being, aiming to overcome the challenges of these practices
and fostering the engagement with the key beneficial components.
One of the main challenges of FAM practices is the non-judgemental monitoring
of the experience i.e. becoming aware of the present moment from mind-wandering
moments to being mindful. Interactive technologies aim to mitigate this difficulty
by mapping biodata onto creative outputs to facilitate the understanding of different
mindfulness states, with most work in this space exploring metaphorical representa-
tions of respiration data onto audiovisual feedback [212, 200] e.g. slow respiration is
mindful, agitated breathing represents mind-wandering. Although respiration can be
an indicator of such mindfulness states, brain activity data has been shown to be the
most appropriate physiological response to accurately monitor FAM practices [154,
80, 25]. Yet making sense of the mindfulness states captured by the EEG data is not
trivial, and neither is capturing them through design.
In Chapter 5, the themes from the exploration of mandala colouring were developed
into an interactive prototype that uses colour-based metaphors to materialise
mindfulness states in a peripheral interface in real-time, named Anima. From this,
the contributions are as follows:
• Building on the participants’ experiences with mandala colouring outlined in
Chapter 4, I express the need of incorporating into the design solutions the
contextual aspects that make up their ritualistic practice, such as the qualities
and location of the materials used (i.e. individual crayons that are placed in the
periphery but within reach during the practice). This advances the state of the
art by highlighting the benefits and issues of mediating a traditional practice
with technology, and confirm the potential of using colour-based metaphors to
facilitate the FAM practice of mandala colouring with an external object of
attention.
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• While I found instances of previous work digitally augmenting mandala
colouring to support mindfulness training and mental well-being [68, 291, 269],
findings that these designs have focused on the facilitating byproducts (e.g.
creating a beautiful image) rather than on the process and context of its practice
(e.g. preparation of the space and selection of colours, slow and focused process
of colouring the mandala). A key contribution of this thesis is highlighting
the importance of embracing traditional and innovative qualities in hybrid
designs to provide meaningful technology-mediated experiences for mental well-
being. With the Anima prototype I provide an illustration of augmenting a
traditional practice with technology, i.e. mandala colouring, that maintain the
core components identified to support mental well-being (e.g. main external
object of attention supporting continuous fine movement). Yet mediating the
interaction with technology through the digital materials to facilitate subtle and
non-judgemental self-awareness of mindfulness states during the non-static FAM
practice.
• Chapters 5 and 6 explore how to materialise brain activity data using colour-
based metaphorical representations of mindfulness states, refined by the per-
ceptions of experts in mandala colouring. These outputs provide new insights
surrounding the design of colour-based metaphorical representations, including
the colours’ physical appearance: RGB value (e.g. saturation, brightness, hue),
temporal appearance (e.g. how often and for how long should the data be
represented), and spatial placement (e.g. how should the data be represented
and arranged in the interface). This expands previous work exploring the
metaphorical representations of mindfulness states from brain activity onto the
main object of attention into sound [230] or visual [5] feedback; with a key novel
contribution being the exploration of monitoring the mindfulness states on the
periphery whilst fine movements are the main object of attention.
Chapter 8 builds on the bodily sensations and their association to meditation
stages identified in Chapter 7, and explores the design of on-body haptic feedback to
facilitate the practice of focused attention with an internal object of attention. The
main contributions are:
• A rich analysis of metaphors used in meditation in other disciplines such as
cognitive linguistics and spiritual Buddhist practices, and how their qualities
could be transferred onto the design of FAM technologies. In particular,
exploring how these qualities (i.e. rhythm, intensity, image schemata, and
embodied metaphors) can be integrated onto different feedback modalities such
as aural and thermal stimuli.
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The themes that emerged in Chapter 7 uncovering the role of the human body
in sitting meditation were developed into design knowledge to inform the design
of metaphorical representations of the meditation stages to support an inwards
focus of attention. These discussions bring new questions to the HCI community
exploring the design of mindfulness technologies, such as how can felt experiences
be metaphorically represented to facilitate static FAM practices? And how
to design such experiences to scaffold the meditation trajectory without the
technological input becoming too cognitive demanding that distracts from one’s
personal experience?
• A discussion on the methods to designing first-person experiences to foster turn-
ing the attention inwards during static, concentrative practices. This approach
is illustrated by exploring on-body warmth-based feedback, and provides novel
insights regarding the experiential qualities and design considerations of using
heat directly on the skin in the upper body, thus expanding previous work in
this space [132]. Furthermore, I argue for HCI researchers designing for an
inwards focus of attention, contrary to related work in this space mediating
the experience with cognitive demanding external objects, to place the body at
the centre of the experience: focusing on the sense of interoception to direct
the attention towards the body (e.g. bodily sensations), mediated by bodily
processes (e.g. brain activity), using the body as the output interface (e.g.
on-skin haptic feedback).
• The design of thermal-based patterns applied on the upper-body to foster
interoceptive awareness during sitting meditation. That is, to facilitate
focusing the attention on internal stimuli, despite mediating the experience
with technology. I discuss the exploration metaphorical representations of
mindfulness states through thermal stimuli, with novel design insights including:
how to successfully represent mindfulness metaphors with heat (e.g. using
warmth instead of cold due to the experiential qualities of heat), how to create
sensations of movement on the body (i.e. exploring the location, size and
duration of the actuations), and how these can inform the design of thermal
patterns to depict and provide support during different meditation stages (i.e.
grounding, becoming mindful, being mindful, and mind-wandering).
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10.2.3 Research Aim 3
To investigate people’s perceptions of the metaphorical repre-
sentations of mindfulness states to successfully support FAM
practices, with either external or internal main objects of
attention, with the novel design solutions.
Finally, the design solutions proposed in Chapter 5 and Chapter 8 to facilitate
the practice of FAM practices with an external and internal object of attention
respectively, are evaluated in participatory studies exploring people’s perceptions and
understanding of the proposed metaphorical representations of mindfulness states.
To best of our knowledge, these are the first studies exploring the first-person
experience and understanding of metaphorical representations of mindfulness states
with users. In the broader body of work of biofeedback, recent work has started
to look into how to represent physiological processes such as EDA or HRV to track
arousal [276, 227], although with very limited user-centred research [2]. Therefore,
the insights from the studies presented in Chapter 6 and Chapter 9 provide an initial
set of guidelines to designing for the materialisation of brain activity data and, in
particular, to support FAM practices for mental well-being.
Chapter 6 investigates the colour-based metaphorical representations of mindful-
ness states with Anima as a prototype to support and enhance the FAM practice of
mandala colouring for mental well-being. The contributions are the following:
• Presentation and acknowledgement of the participants’ perceptions and experi-
ences with the use of Anima to practice mandala colouring, specifically with the
use of colour-based metaphorical representations in the periphery to monitor the
FAM practice. These notions also confirm and expand the outcomes from the
design exploration detailed in Chapter 5. Overall, these provide novel insights
that contribute to the HCI community uncovering opportunities and challenges
for designing tangible interfaces to support mindfulness training.
• A discussion of the challenges of designing visualisations of abstract and
unfamiliar data, i.e. brain activity, to support both awareness and reflection
through metaphorical representations. Identifying two key concepts that can
inform HCI researchers how to design for meaningful mappings of brain activity
data, as well as other biodata: representational ambiguity and temporal
ambiguity. These build on previous work exploring the representation of
physiological data [227], and extents it by providing insights on the form of
such representations when designing for peripheral interaction -and not for the
data to be the main object of attention.
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• A report of the processes of reflection on mindfulness states during a non-
static FAM practice, using a peripheral interface with colour-based metaphorical
representations of such states as part of the external object of attention.
These followed categories surrounding: interactions between the main and the
peripheral interface to facilitate focused attention, reflection in and on action of
mindfulness states, and the opportunities and challenges of using a peripheral
interface to scaffold the practice open monitoring mindfulness. There, these
insights open a new design space in HCI research to develop experiences that
scaffold FAM practices without fully appropriating attention, as most systems
to date [263].
In Chapter 9, the first-person experience of sitting meditation mediated with
different metaphorical representations of mindfulness states is investigated. With
Muse using sound modality, and the WarmMind prototype providing on-body thermal
patterns. From this, the contributions are as follows:
• Adding to the discussion of challenges of sitting meditation in Chapter 7,
the findings from the study provide insights on how these may be mittigated
with technology. Key novel insights include the concept of interoceptive
interaction, which focuses on designing experiences that mediate the experience
of focusing inwards, to bodily sensations, with technological solutions perceived
as unobtrusive (i.e. part of the first-person experience). The WarmMind
prototype shows that when designing with interoceptive interction, as in with
the thermal patterns recreating mindfulness states, participants described how
the feedback was perceived as coming from within the body and not from an
external. This contributes to the growing body of work in HCI designing for
sitting meditation with an internal object of attention [252, 263], by providing
new design considerations in which the attention is kept concentrated on one’s
body and felt experience despite being mediated by technology.
• A highlight of the opportunities and challenges of designing metaphorical
representations of meditation states with haptic feedback, in particular warmth,
in comparison to more common modalities such as audiovisual feedback. Also
providing specific design recommendations that aim to address these concerns
in the form of a framework, which consists of three dimensions: familiar
ambiguous metaphorical mapping, continuous discrete feedback, rich subtle.
This framework aims to inform HCI research on FAM mindfulness practices to
mitigate the challenge of supporting both awareness of mindfulness states and
attention regulation in FAM with an internal object of attention, regardless of




The work presented in this thesis, can be divided in three research phases: (1)
understanding the design space, (2) exploring the design of novel technologies, and
(3) evaluating the designed solutions. In this section, I discuss the lessons learnt when
applying different methodologies in each of these research phases, to investigate two
different practices i.e. mandala colouring (non-static FAM with an external focus of
attention) and sitting meditation (static FAM with an internal focus of attention).
10.3.1 Exploring First-Person Experiences with Other People
Employing semi-structured interviews to explore the practices of mandala colouring
(Chapter 4) and sitting meditation (Chapter 7), allowed me to explore the lived
experience and perceptions around specific aspects of mindfulness practices with
participants. Nevertheless, one of the limitations of this method was tapping on the
nuances of the first-person experience –which many times the person is not conscious of
and / or struggles to communicate with words (e.g. How does your body feel when you
achieve a mindfulness state? And when you get distracted? And in between these two
states?). This issue has started to become of interest in HCI, with a growing number
of researchers interested in developing methods to explore and communicate first-
person experiences (e.g. micro-phenomenological interviews [203]. With this in mind,
in Chapter 7 I used semi-structured interviews in combination with a version of the
Making Magic Machines methodology [6] to understand the underlying processes and
sensations of meditations. Using a material speculation approach allowed participants
to explore these abstract concepts of internal bodily sensations during meditation more
openly and creatively; and it gave them new vocabulary to express these ideas, by
manipulating the materials and presenting them in a performative way. Therefore,
the participatory design workshop facilitated opening up self-exploration of their lived
experience of meditation; and the semi-structured interview that followed permitted
exploring their meditation experience in-depth, including their initial ideas and those
that came up during the workshops.
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10.3.2 Exploring First-Person Experiences with Oneself
Another interesting aspect of the methodology employed in this thesis is the
exploration of first-person experiences in oneself (i.e. the researcher). This was
carefully considered and a key process to understand the design space, and to explore
the design of novel technologies. I had previous experience in mandala colouring and
sitting meditation, having practised both regularly for a few years. Nevertheless,
following an autoethnographic approach to explore the state of the art technologies
for mandala colouring (Chapter 4) and sitting meditation (Chapter 7), allowed me to
gain a deeper understanding of how these traditional practices were translated into
the digital world; including what worked, and what got lost in translation.
Thermal and movement-based metaphors were highlighted by experts when
communicating their meditation experiences (Chapter 7), therefore, haptic feedback
became a very interesting space to explore. Despite haptics being a well-established
and growing field of research, there is little work in on-body warmth actuations.
Then, the somaesthetics design approach to explore the design of the warmth-based
patterns in WarmMind was also a core aspect of the research presented in this
thesis. That is, exploring different actuations (including variations in size, intensity,
body location) and different movement-based patterns to recreate metaphorical
representations of mindfulness states (including variations in tempo and duration),
in different bodies with members of the research team (including variations in age,
gender, weight). Hence the explorative phase employing the somaesthetics methods
became an important research step to understand this underexplored sensory modality




In this section, I utilise the findings, discussions and implications for design across
the thesis to provide suggestions for future work. I envisage that the findings detailed
in this thesis will enable researchers to address their work with more context and
insight. However, below I outline opportunities beyond the scope and contribution of
this PhD thesis for the HCI community to explore.
10.4.1 Making the Unconscious Conscious: Designing for
Meaningful Metaphorical Representations of Brain Ac-
tivity Data
In Chapter 2, I provide a detailed overview of the work to date exploring the
materialisation of physiological processes onto different feedback modalities to support
FAM practices. In this context, brain activity is the most appropriate physiological
signal to use to support technology-mediated FAM practices, as it can successfully and
unobtrusively monitor the nuances of mindfulness processes such as differentiating
between just relaxation (also accessible with other biodata such as respiration or
HRV) and a combination of deep focus and relaxation (i.e. a mindfulness state).
Nevertheless, designing for materialising brain activity has received little attention
due to its numerous challenges to design mappings that are easy to make sense and
act upon -it is easier to understand and respond to feedback telling you to slow your
breathing pace, than a system telling you to lower your alpha from your brain activity.
To make this approach more solid and accessible, HCI researchers and designers from
different research areas are likely going to need to work together and collaboratively
to develop solutions such a set of design guidelines for materialising unconscious
processes. I imagine that a workshop at an HCI conference such as CHI or DIS
would be a reasonable next step to initiate this process.
In Chapter 5 and Chapter 8, I provided a detailed overview of mapping brain
activity data onto visual and haptic metaphorical representations, respectively. These
designs were informed by the understanding of the mental states associated with
specific FAM practices, as detailed in Chapter 4 for mandala colouring and Chapter
7 for sitting meditation. Whilst the design recommendations can apply to FAM
practices in general, I establish the importance that HCI researchers gather a complete
picture of the practice being approached. Especially, when designing to support FAM
practices with an internal object of attention since this can be difficult to mediate
with technology, as a I reflect on the CHI 2018 paper [69], DIS 2020 paper [67] and
CHI 2021 paper [70].
168
10.5. Thesis Conclusion
10.4.2 The Body as a Canvas: Mediating Interoceptive Expe-
riences From, Through, and Onto the Human Body
Concurrent themes within this thesis revolve around embodied approaches to
designing for meditation. In Chapters 4-6, the body is an active ingredient of the
non-static FAM practice as the slow, controlled and fine movements being structured
by the intricate geometry of the mandala become the main focus of attention. Whilst
most work in HCI focused on facilitating mindfulness training has focused on static
FAM practices such as meditation and there is a growing interest in exploring full-
body mindfulness practices such as yoga or walking meditation, future work could
explore the under-explored space of practices relying on fine movement skills. As I
reflect on in the publication in CHI2019 [68] and in T&F (under submission), fine
hand movements have different neurological underpinnings hence can tap on novel
design solutions to support practices for mental well-being.
Even more importantly, the body becomes the core component of the experience
in FAM practices with an internal object of attention such as in sitting meditation
(as detailed in Chapters 7-9). Conversely, many interactive systems that aim to
facilitate the FAM sitting meditation with an internal focus of attention, mediate
the experience with an external interface that becomes the main object of attention
(e.g. a visualisation or soundscape). Reflecting on the publications at CHI 2018 [69],
DIS 2020 [67] and CHI 2021 [70], future work could further explore how to design
interoceptive experiences that keep the loop of sensing to actuating within the body.
10.5 Thesis Conclusion
The aim of this body of work was to explore two illustrative FAM practices with
benefits for mental well-being: mandala colouring (non-static FAM with an external
focus of attention), and sitting meditation (static FAM with an internal focus of
attention). The studies presented in this thesis were conducted in three different
phases from focusing on problem identification and opportunities to mitigate them,
design of the novel solutions to the problems, to the evaluation of the design solutions.
I have shown the main motivations, challenges and qualities of these practices,
which have informed the design of two novel prototypes: Anima, supporting the
peripheral colour-based metaphorical representation of mindfulness states during
mandala colouring, and WarmMind, facilitating focusing the attention inwards during
sitting meditation through on-body thermal patterns representing mindfulness states.
Not only have I shown the value of using metaphorical representations to support the
practice of two main approaches to FAM training for mental well-being, but I have
produced and published meaningful advances in the field of interactive technologies
for (i) mindfulness, (ii) mental well-being, and (iii) designing with biodata.
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